Primary Children's Interpretation And Use Of Illustrations In School Mathematics Textbooks and Non Routine Problems: A School Based Investigation by Jellis, Rebecca Mary
Durham E-Theses
Primary Children’s Interpretation And Use Of
Illustrations In School Mathematics Textbooks and
Non Routine Problems: A School Based
Investigation
Jellis, Rebecca Mary
How to cite:
Jellis, Rebecca Mary (2008) Primary Children’s Interpretation And Use Of Illustrations In School
Mathematics Textbooks and Non Routine Problems: A School Based Investigation. Doctoral thesis,
Durham University. Available at Durham E-Theses Online: http://etheses.dur.ac.uk/1333/
Use policy
The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:
• a full bibliographic reference is made to the original source
• a link is made to the metadata record in Durham E-Theses
• the full-text is not changed in any way
The full-text must not be sold in any format or medium without the formal permission of the copyright holders.
Please consult the full Durham E-Theses policy for further details.
Academic Support Office, Durham University, University Office, Old Elvet, Durham DH1 3HP
e-mail: e-theses.admin@dur.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk
2
Primary Children's Interpretation 
And Use Of Illustrations In School 
Mathematics Textbooks and Non- 
Routine Problems: A School- 
Based Investigation 
Rebecca Mary Jellis 
The copyright of this thesis rests with the 
author or the university to which it was 
submitted. No quotation from it, or 
information derived from it may be 
published without the prior written 
consent of the author or university, and 
any information derived from it should be 
acknowledged. 
Submitted for the degree of 
Doctor of Education 
13 NOV 2008 
University of Durham 
Department of Education 
2008 
I 
DV, 
- 
For Chris 
Thank you, 
Without you there would be nothing 
The copyright of this thesis rests with the author. No quotation from it should be 
published in any form, including electronic and the internet, without the 
author's prior written consent. All information derived from this thesis must be 
acknowledged appropriately. 
Contents 
Contents ................................................................................................................ 1 Tables .................................................................................................................... 3 Diagrams ............................................................................................................... 4 Figures ................................................................................................................... 4 Appendix Contents 
................................................................................................ 4 Introduction 
........................................................................................................... 5 Chapter 1- Report from Trial of Non-Routine Maths Problems .......................... 9 1.1 - Introduction .................................................................................................. 9 1.2 - Context of the Study ..................................................................................... 9 1.3 - Classification of the Illustrations .................................................................. 11 1.4 - Nature of the Pilot Study .............................................................................. 14 1.5 - Key issues arising from the pilot study ........................................................ 15 
1.6 - Focus for further study ................................................................................. 21 1.7 - Summary ....................................................................................................... 23 Chapter 2- Literature Review ............................................................................... 24 2.1 - Introduction .................................................................................................. 24 2.2 - The nature of problem solving in mathematics ............................................ 26 
2.3 - Focus on word problems ............................................................................... 31 2.4 - Issues related to the solving of word problems ............................................ 36 2.4.1 - Pictorial representations and their classifications ...................................... 36 2.5 - Pictorial representations and the reading process ......................................... 39 2.6 - Pictorial representations in textbooks ........................................................... 46 2.7 - The effect of cognitive and learning styles on the way that representations are 
interpreted 
............................................................................................................. 58 2.7.1 - Wholist-analytic style ................................................................................ 60 2.7.2 - Verbal-imagery style ................................................................................. 61 2.8 - Summary ....................................................................................................... 64 2.9 - Research Questions ....................................................................................... 66 Chapter 3- Methodology ...................................................................................... 67 3.1 - Introduction .................................................................................................. 67 3.1.1 - The Main Investigation .............................................................................. 68 3.1.2 - The Effect of Reading Ability ................................................................... 68 3.1.3 - The Value of Establishing Learning Styles in Young Children ................ 69 3.1.4 - Small Focus Groups ................................................................................... 69 3.1.5 - Questionnaires ........................................................................................... 69 3.1.6 - Textbook Investigation .............................................................................. 69 3.2 - Research methodologies ............................................................................... 70 3.3 - Participant selection ...................................................................................... 71 3.3.1 - SATs .......................................................................................................... 72 3.4 - Researcher role ............................................................................................. 74 3.4.1 - My Context ................................................................................................ 76 3.5 - Instruments used to gather data .................................................................... 78 3.5.1 - Mathematical challenges ........................................................................... 79 3.5.2 - Textbook study .......................................................................................... 84 3.6- VARK ........................................................................................................... 87 3.7 - Validity of the data collection ...................................................................... 88 3.8 - Reliability of the data collection ................................................................... 91 3.9 - Analysis of the data collected ....................................................................... 91 
1Z 
3.9.1 - Quantitive analysis .................................................................................... 
91 
3.9.2 - Qualitative analysis .................................................................................... 
95 
3.10 - Summary ..................................................................................................... 
95 
Chapter 4- Textbook Investigation ...................................................................... 
97 
4.1 - Introduction .................................................................................................. 
97 
4.2 - Textbook Survey ........................................................................................... 
97 
4.2.1 - Most commonly used textbooks for the teaching of number work........... 98 
4.2.2 - Reasons why teachers use mathematics textbooks .................................... 
99 
4.2.3 - Frequency of textbook use in the teaching of number work .................... 102 
4.3 - Textbook Analysis ........................................................................................ 
102 
4.3.1 - Heinemann Textbook ................................................................................ 
104 
4.3.2 - Abacus Textbooks ..................................................................................... 
106 
4.4 - Summary of the Textbook Analysis ............................................................. 
108 
4.5 - Children's Perceptions of Textbooks ........................................................... 
110 
4.5.1 - Types of Illustrations in the Examples Explored ....................................... 111 
4.5.2 - Misconceptions which arise from interpreting the illustrations ................ 111 
4.5.3 - Critique of a page from a mathematics textbook ....................................... 122 
4.5.4 - Illustrations as a stimulus for focused discussion ...................................... 127 
4.6 - Summary ....................................................................................................... 
129 
Chapter 5- Challenge Book Questions ................................................................. 130 
5.1 Introduction ..................................................................................................... 
130 
5.2 - Overview of the tasks ................................................................................... 130 
5.3 - Overall results from illustration type ............................................................ 145 
5.4 - Themes Arising from Pupil Answers to the Challenge Book Question ....... 147 
5.4.1. - An over reliance on the illustration ........................................................... 148 
5.4.2. -A reality based perspective to the solution .............................................. 151 
5.4.3 - Once the information has been retrieved from the illustration it becomes 
superfluous as they focus purely on their calculations ......................................... 156 
5.4.4. - Children use their own drawings to help interpret and solve the problem 159 
5.5 Results from the interviews ............................................................................ 164 
5.6 - Pupil Perceptions of the challenges .............................................................. 169 5.6.1 - Question Preference ................................................................................... 170 5.6.2 - Question difficulty ..................................................................................... 
173 
5.6.3 - Perceptions of illustrations ........................................................................ 175 5.7 - Small Scale Survey - Comparison of illustrations ........................................ 178 5.8 - Analysis of children's responses by reading ability ..................................... 
180 
5.9 - Discussion and summary .............................................................................. 
187 
Chapter 6- Conclusion ......................................................................................... 
194 
6.1 - Answers to Research Questions ................................................................... 
195 
6.2 Research Implications ..................................................................................... 
197 
6.3 Further Research ............................................................................................. 
199 
Bibliography ......................................................................................................... 
201 
2 
Tables 
Table 1 Trial sample numbers by Sex and Year group ........................................ 14 Table 2 Proportion of question types from each year group ................................ 14 Table 3 Order of question types within a booklet ................................................ 15 Table 4 Gold Bars Solutions 
................................................................................ 17 Table 5 Gold Bars Explanation Given ................................................................. 18 Table 6 Gold Bars Picture Use ............................................................................. 18 Table 7 Roly poly Number of incorrect answers which related to the illustrated 
Dice ....................................................................................................................... 20 
Table 8 Breakdown of pupil numbers by school .................................................. 70 Table 9 Optional Year 3 SATs Reading Results for sample group .................... 74 Table 10 Optional Year 3 SATs Mathematics Results for sample group............ 74 
Table 11 Question type and booklet colour .......................................................... 81 Table 12 Textbook Analysis Criteria ................................................................... 86 Table 13 SATs level points related to booklet colour ......................................... 93 Table 14 Textbook Analysis Criteria ................................................................... 103 Table 15 Number of words used in general question instructions ....................... 105 Table 16 Illustration type associated with different number operation ............... 105 Table 17 Link between number operation, illustration and mathematical 
concept ................................................................................................................. Table 18 Number of words used in general instructions ..................................... 
106 
107 
Table 19 Abacus - Illustration type compared with number operation ............... 107 Table 20 Abacus - Link between number operation, illustration and mathematic al 
concept ................................................................................................................. 107 Table 21 Question type and booklet colour ......................................................... 130 Table 22 Reasons for question preference ........................................................... 170 Table 23 Reasons given for the most likely questions a poor mathematician 
would prefer ......................................................................................................... Table 24 Explanation of the children's ideas about the pictures .......................... 
173 
175 
Table 25 Results for Alternative Illustration Types ............................................. 178 Table 26 Alternative Illustration Types Seen as 'the worst' ................................. 179 Table 27 Reading and Mathematics Level for the final focus group ................... 182 Table 28 Reading focus group results ................................................................... 182 Table 29 Gold Bars reading focus group and illustration type results .................. 183 Table 30 Duck Ponds (Part 1) reading focus group and illustration type results. 184 
Table 31 Fireworks reading focus group and illustration type results .................. 184 
3 
Diagrams 
Diagram 1 Cooper and Harries' model of link between realism and mathematical 
considerations ..................................................................................................... 26 Diagram 2 Progress of mathematical skills in problem solving .......................... 34 Diagram 3 Two sources of information in reading .............................................. 40 Diagram 4 Reading skill and reaction to illustrative text .................................... 46 Diagram 5 Eight reasons for having pictures in prose ......................................... 55 Diagram 6 Curry's layering effect of cognitive and learning styles ..................... 60 Diagram 7 Relationship model between verbal-imagery styles ........................... 62 
Figures 
Figure 1 Percentage of Pupil's Mathematics level compared with their reading 
level 
...................................................................................................................... 94 Figure 2 Mathematics textbooks used in the teaching of number ....................... 98 Figure 3 Reasons teachers gave for using a textbook .......................................... 99 Figure 4 Frequency of textbook use in the teaching of number ........................ 102 Figure 5 Percentage of Correct Answers for Different Illustration Types ........... 145 Figure 6 Total Percentage of Correct Answers for Each Question Type ............ 145 Figure 7 Control Questions - Correct Answers (Mean) by Type ......................... 146 Figure 8 Total Number of Correct Answers for Different Picture Types ........... 147 Figure 9 Ski Lift incorrect answers ...................................................................... 154 
Figure 10 Question Preference ............................................................................. 170 Figure 11 Most Likely Question a Poor Mathematician Would Prefer .............. 173 Figure 12 Children's Comments About The Illustrations .................................... 176 Figure 13 Question Success Rate by Group and Illustration Type ...................... 185 
Appendix Contents 
Appendix 1 Challenge Booklets, Blue, Green, Yellow, Red, Purple 
Appendix 2 Challenge Booklet Questionnaire 
Appendix 3 Alternative Illustration Types and Questionnaire 
Appendix 4 Textbook Survey Questionnaire 
Appendix 5 VARK Questionnaire 
4 
Introduction 
We live in a visual world. Television, movies, photographs and pictures are all- 
pervasive, surrounding us every day with images clamouring for our attention. In 
order to make sense of our world, we assign a level of importance to each image we 
see depending on how relevant it is to our current situation and the image is then 
either taken into account, stored in our memories or ignored completely. As we grow 
older, the ability to gain meaning from these images develops, so that when, as 
children, we begin to read, the ability to read images becomes part of our repertoire of 
cues used in deciphering the patterns and meaning of words. In primary schools, 
children have to deal with a whole new range of images, many of which are found in 
the textbooks they encounter. In mathematics textbooks these images can be 
extensive, involving graphs and tables, representations of numbers and calculations 
but also in recent times illustrations have become more extensive in their role as 
motivators and decorators of the page. There appears to be a popular belief that when 
teaching mathematics, illustrations make the task easier and/or more attractive and 
that for children who find mathematics difficult, illustrations take on an even greater 
role in eliciting meaning for the pupil (Santos-Bernard, 1997). However, there is very 
little research investigating the pedagogical role of illustrations in school 
mathematics: neither the psychology of cognition and learning nor mathematics 
education research has paid much attention to this topic. 
My interest in this topic arose not from reading through literature but rather through 
observing the children in my classroom when it became clear than children do not 
wfl . "afdMS. 
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always interpret text in the way we 
would expect. In this example from a 
child in my class 'show your working' 
had no mathematical meaning but rather 
she drew pictures of people working (a 
nurse and a fireman, a later picture 
showed an ambulance). 
In 2000, schools had been sent copies of Mathematical challenges for able pupils in 
Key Stages 1 and 2 (2000), a book that contains puzzles and problems for children 
from Year 1 to Year 6. In my class of Year 3 and 4 children I had taken one of the 
puzzles from the Year 1 and 2 section as an introduction to this type of problem 
solving exercise. In this puzzle, Pete the Pirate has sixteen gold bars divided into four 
piles, each of a different number. The task was to make all the piles the same height 
in just two moves. The number of bars was not recorded in the text and I observed 
children pointedly counting the number of gold bars illustrated in the picture. In this 
case the illustration played a vital role in the understanding of the mathematical 
problem it posed, not only by giving the number of gold bars, but also the way they 
were distributed into their individual piles. 
The children then tackled a puzzle from the Year 3 and 4 section entitled "Queen 
Esmerelda's Coins". There were aspects to this puzzle that were very similar to the 
Pete the Pirate question in that four piles of gold needed to be reorganised. In this 
case though, gold coins were used but the numbers in each pile were to be allocated 
according to the instructions in the text, not as in the picture. The text indicated that 
there was a total of twenty coins in use, yet the illustration showed far more (one pile 
alone had nineteen coins with a possible total of fifty-six coins across the four piles 
illustrated). On observing the children attempting to solve this problem, I noted a 
substantial number began by using the same technique they had used with the Pete the 
Pirate question in that they commenced by counting the coins in the illustration and 
used the number obtained to calculate the result. In this case the illustration, rather 
than containing essential information, was unhelpful and misleading and immediately 
led to difficulties in solving the problem whilst also de-motivating the children as they 
struggled to find a way in which to provide a solution. 
As a result of these observations I became more aware of another difficulty children 
appeared to experience with mathematics questions involving problem solving. In 
most mathematics textbooks the illustrations appeared to play a fundamental role in 
the child's success or failure because in some situations, illustrations acted as an aid 
to the children and in others they caused unnecessary difficulties. The link between 
confidence and competence is an important one and if the use of confusing 
illustrations has a negative impact upon a child's confidence then their vision of 
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themselves as competent problem solvers may well be harmed. Harries and 
Sutherland, (2000: 65) cited work conducted by Tall, (1996) which suggested that 
children who find mathematics questions hard are actually carrying out a more 
difficult kind of mathematics than those who find them easy. He found a clear 
tendency for low attaining pupils to rely more on primitive mathematical objects and 
primary processes, for example, counting on to solve addition problems, or repeated 
addition to solve problems which could be more effectively solved using 
multiplication. 
Contemporary mathematics textbooks use illustrations extensively but what effect do 
they have upon children's mathematical success? If as Tall implies, children who 
have greater difficulty with mathematics find themselves using more complicated 
calculation methods, for instance repeated addition rather than multiplication, to solve 
a problem, do illustrations aid or hinder? This is especially important as these are the 
self same children who are likely to encounter more illustrations than their more 
competent peers. It seems then that it was important to research this area in order to 
find out just what effect text book illustrations had on children's mathematical 
problem solving. 
In order to investigate whether this really was an issue worth researching, I conducted 
a small trial within my own school using children from Key Stage 2. Chapter 1 
details the process of this trial from the conception and choice of methods to the 
collection and analysis of the data. It also highlights changes that needed to be made 
to the research design before the main investigation was carried out. Since the results 
of the trial indicated that there was indeed an enquiry worth pursuing, the rest of 
thesis details the research process that followed from this initial investigation. 
Chapter 2 reports the subsequent literature review I undertook. This forms the 
background to my main study, highlighting current and past research in related areas 
and concludes with the identification of the research questions. 
Chapter 3 explains the methodology of the research project including the design of the 
research materials, the ethical considerations of carrying out research in schools and 
the recruitment of suitable school partners. The thesis then branches into two separate 
directions. Chapter 4 details an investigation into the most common forms of 
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mathematical textbooks used in primary classrooms and examines the two most 
popular in more detail with particular emphasis on their use of illustrations. Chapter 5 
details the main investigation using examples from the Mathematical Challenges for 
Able Pupils in Key Stages 1 and 2 modified to allow comparison of different 
illustration types. As well as analysing the effects of the different illustration types, it 
focuses upon the effect of reading age upon mathematical performance. 
Finally, Chapter 6 brings together the results of the various strands of the research 
project in order both to answer the original research questions and also to draw 
conclusions about the role of illustrations in mathematical textbooks. This section 
discusses the implications of the research findings in a wider context and provides 
ideas about how the research may be developed in the future. 
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Chapter 1- Report from Trial of Non-Routine Maths 
Problems 
1.1 - Introduction 
In this chapter I discuss the pilot work I carried out, noting the main points which 
would inform the main study. The object of the trial was to establish an answer to 
two points. Point 1 related to the way pupils use illustrations when solving 
mathematical problems. Point 2 was to establish the practicalities of conducting such 
a piece of research whilst working full-time. At the time I was working in a small 
rural primary school as a full-time class teacher of a mixed Year 3, Year 4 class. I 
had been told I would have support from the school to conduct such a project but it 
needed to fit in with the requirements of the school. Subsidiary points to be 
considered were whether the National Numeracy Strategy book on which the research 
was based was a reasonable choice of resource and the robustness of my classification 
system of illustrations in test items. 
1.2 - Context of the Study 
I decided to focus on the mathematics problems found in the National Numeracy 
Strategy book, Mathematical challenges for able pupils in Key Stages 1 and 2 (2000) 
as it had formed the basis of my initial observation in class (as detailed in the 
introduction) and was a recent publication that will have been sent to all English state 
schools. This book is a supplement to the National Numeracy Strategy and was 
expected to be used by all schools participating in the National Numeracy Strategy. 
Ours was one such school, so the materials found in the book could be expected to be 
used across state schools in England. The results then, would be potentially 
applicable to other schools using the same materials. 
The questions in the National Numeracy Strategy book are divided into three sections, 
each section covering two year groups; Years 1 and 2, Years 3 and 4, and Years 5 and 
6. As the title of the book indicated, "Mathematical challenges for able pupils in Key 
Stages 1 and 2" the questions were aimed at more able pupils. The book states that 
pupils using this material "may need to draw on a range of skills to solve problems. 
These include: working systematically, sorting and classifying information, 
reasoning, predicting and testing hypotheses, and evaluating the solutions" (DFEE 
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2000: 9). My view as a teacher is that these are skills that all children possess, not just 
able children. It is also my view that assuming that certain questions are only 
appropriate for particular year groups is limiting. To my mind, the issue appears to be 
one of using the resource to provide differentiated learning material rather than 
allowing the designated year groupings identified in the text to dictate access to the 
material. 
Although a child may be familiar with the concept involved with a particular problem, 
it could be argued that the skills required in order to solve these problems are higher 
order skills. 
Progression of 
Skill 
Development 
Synthesis (the 
ability to fully 
understand and adapt 
the concept to 
differing 
circumstances) 
Application (the 
ability to apply the 
concept in new and 
less straight forward 
circumstances) 
Understanding 
(the ability to 
understand the ideas 
behind the concept) 
Recall (the most 
basic level whereby 
facts or procedures 
are applied but with 
no understanding of 
why the fact or 
procedure is used) 
S 
I 
D 
e 
A P 
m e n t 
Y 
n t 
h 
A child may progress along the axis of 
mathematical concept development but 
may not necessarily have progressed far 
along the axis of skill development. 
For example -a child may be able to 
recall the facts associated with the 
addition of single digits but have no 
understanding of what they are doing 
but are already learning to add 2-digit 
numbers (learning with no 
understanding). Another child may well 
be able to understand and apply their 
knowledge of single digit addition to a 
range of situations, so has progressed 
further up the skills axis but like the 
other child is just beginning to learn 
about the addition of 2-digit numbers. 
A 
a I 
n 
U 
a e 
t 
a 
4 
R 
I 
Progression in Concept Development 
Development of Mathematical Concept. 
For example; with the concept of addition, a child may 
begin by adding single digits then progressing to 2-digit 
numbers, 3-digit numbers, decimals, fractions and so 
forth. 
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These higher order skills of Application and Synthesis may be applied to a range of 
problems from those using simple mathematical concepts to more advanced ones. 
Whether the mathematical concept involved is multiplication or number bonds to ten, 
it should be a teacher aspiration that children are not only able to recall the numerical 
facts but that this knowledge is used in a range of circumstances. The problems found 
in the textbook require the children to use the skills of application and synthesis. The 
earlier sections of the book use simpler mathematical concepts which all children 
should be able to access, enabling them to apply their developing application and 
synthesis skills in a less mathematically complex environment. 
Bearing this in mind, I decided to select questions taken from all three sections, 
Years 1 and 2, Years 3 and 4, and Years 5 and 6, with the assumption that all the 
children from the sample would be able to attempt at least some of the questions, the 
premise being that Year 3 and 4 pupils should be able to attempt those questions 
designed for Years 1 and 2 as well as those designed for their own age group. 
Similarly the Year 5 and 6 pupils should be able to access questions designed for the 
younger children as well as those designed for their most able peers. 
1.3 - Classification of the Illustrations 
As detailed in the introduction, I had observed pupils attempting these questions in the 
classroom and these observations indicated that there were at least two types of 
illustrations to be considered. The first type was where information pertinent to the 
question was to be found solely in the illustration. This I called "Essential". The 
second occurred where the illustration merely provided decoration and did not include 
any information pertinent to the actual mathematical problem to be solved. This I 
called "Decorative". Using this rudimentary analysis of the illustrations in the book it 
was clear that another category of illustration was required in addition to that of 
"Decorative" and "Essential". This further category involved those illustrations 
which reflected accurately in pictures an aspect of the text which related solely to the 
mathematical problem. This I chose to call "Related". In conclusion, based upon my 
observation and interpretation I devised three categories of illustration. 1. "Essential", 
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2. "Related" and 3. "Decorative" and the questions were classified into these three 
categories dependent on the role of the illustration within the particular question. This 
classification focused upon the relationship between the mathematical problem found 
in the text and the illustration. 
To summarise: 
1. An Essential illustration was one that contained some or all of the information 
required to solve the problem and this information could only be found in the 
illustration and not in any of the text. 
2. A Related illustration was one that reinforced or supported necessary 
information stated in the text. Both the text and the illustration contained the 
same information. 
3. A Decorative illustration contained no information pertinent to the problem 
and merely served to make the page look more interesting. 
These initial descriptive classifications were based on my professional observations in 
the classroom. Later I will show that an interpretive approach resulted in the 
requirement for an additional category. The following illustrate examples of each 
category. 
Essential 
This illustration was classified as essential 
because there is no other way of knowing the 
position of the snakes or ladders except by the 
illustration. The text alone provides 
insufficient data. 
Snakes and ladders 
Your counter is on 9. 
You roll aIto 6dice. 
After two moves you land on 16. 
Find all the different ways you can do it. 
Now think of other questions you could ask. 
12 
Related 
The illustration was categorised as related 
because the picture reinforces information 
pertinent to the question. In this case the 
`aliens' show either four or nine spots 
depending whether they are Zids or Zods. 
Decorative 
This is an example of a decorative 
illustration. The picture shows children 
buying sweets in a shop. There is no clear 
indication in the picture of the cost of the 
sweet being purchased. The illustration 
merely sets a scene which doesn't provide 
any reinforcement of the information 
significant to the mathematical problem. 
Zids and Zods 
.«2 
Zids have 4 spots. 
Zods have 9 spots. 
Altogether some Zids and Zods have 48 spots. 
How many Zids are there? 
How many Zods? 
What if Zids have 5 spots, Zods have 7 spots, 
and there are 140 spots altogether? 
Find as many solutions as you can. 
Gob-stopper 
Jade bought a gob-stopper. 
It cost 6p. 
She paid for it exactly. 
Which coins did she use? 
There are 5 different ways to do it. 
Find as many as you can 
What if the gob-stopper cost 7p? 
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1.4 - Nature of the Pilot Study 
The trial involved a group of Key Stage 2 pupils in my own school, none of which 
were on the Special Needs Register. The composition of the group is shown in Table 
1. 
Year Group Female Male Total 
Year 3 3 7 10 
Year 4 5 5 10 
Year 5 6 6 12 
Year 6 7 5 12 
Total 21 23 44 
Table 1 Trial sample numbers by Sex and Year group 
A series of booklets was created, each containing the same thirteen questions, six 
problems from the Year land 2 section (two essential illustrations, two related, and 
two decorative), three from Year 3 and 4 (one from each illustration category) and 
four from the Year 5 and 6 section (one related, one essential and two decorative 
illustrations) . This distribution of questions is illustrated in Table 2: 
Year/ 
Question type 
Essential Related Decorative Totals 
1and2 2 2 2 6 
3 and 4 1 1 1 3 
5and6 1 1 2 4 
Totals 4 4 5 13 
Table 2 Proportion of question types from each year group 
The questions were arranged into a booklet grouped into three illustrative types, 
essential, related and decorative. Within each illustrative type, questions were 
arranged in order of difficulty starting with those designated suitable for Years 1 and 
2, followed by those for Years 3 and 4 and finally those for Years 5 and 6. Three 
different coloured booklets were produced (green, red and blue). Each colour booklet 
had the illustrative types in a different order. So, for example, the Green booklet had 
all the Decorative questions first, starting with questions for Years 1 and 2, then 3 and 
4 and finally Years 5 and 6. The Related questions came next, again ordered by year 
14 
from 1 to 6 and finally the Essential questions, once more ordered by year in the 
previous manner. Table 3 makes this clearer. 
Colour/Order First Second Third 
Green Decorative Related Essential 
Red Related Essential Decorative 
Blue Essential Decorative Related 
Table 3 Order of question types within a booklet 
The ordering of questions was carried out in an attempt to minimise the risk of 
children copying, although as all the questions were identical and the booklets could 
not be completed in one lesson, there was the risk that the children could have 
discussed the questions outside of the classroom. Each child was provided with a 
booklet of a particular colour and the children worked independently on the booklet 
over the course of several days. As I wanted the children to tackle as many of the 
problems as possible with as little pressure as possible I decided that this exploratory 
work would not be done under test conditions. 
1.5 - Key issues arising from the pilot study 
The focus of the pilot was to identify potential differences in the way children used 
the illustrations when solving mathematical problems. Some of the key issues that 
arose when I analysed the information from the pilot study were: 
1. Whether questions are unambiguous or are capable of a simple and a more 
complex solution at the same time in light of the illustration. 
2. The differences in methods used by pupils when solving problems (using 
mathematics alone - mathematically or by using a diagram in conjunction with 
mathematical understanding - visually) 
3. The conflict between the mathematical requirements of the question and the 
real world as represented by the illustration. Some children merely try to work 
out what the question requires in terms of mathematics and others take the 
illustration more literally, using their understanding of the subject of the 
illustration in other contexts to help them solve the problem. 
is 
4. If the mathematics appears more challenging, the role of the illustration 
becomes more important in finding a solution. To some children the 
illustration itself may provide an answer that seems a plausible solution to the 
problem. 
5. A combination of the text and the illustration weaves a story into which 
children appear to be drawn. In mathematical problem solving it may be that 
for some children they are unable to disassociate themselves from the story. 
Rather than consider the results of every question the children encountered I shall 
focus upon examples from the three different categories which indicated an issue 
worthy of further research. 
Essential Illustration 
For those questions where I had considered the illustration to be essential, the children 
overwhelmingly showed evidence of having used the illustration to solve the problem. 
Table 4 shows that in the Gold Bars question it is clear that the illustration was used 
to establish how many gold bars Pete had and how these were arranged. Children had 
realised that there were four piles at the start and that they could make either two or 
four piles as their solution to the problem. 
The solution as given in the book is. 
7 Gold bars 
Move two bars from pile I to pile 3. 
Move one bar from pile 4 to pile 2. 
16 
Year Group 4 piles of 4 2 piles of 8 Incorrect 
solution 
No answer 
given 
Year 3 2 7 1 0 
Year 4 6 0 4 0 
Year 5 3 6 2 1 
Year 6 6 1 3 2 
Total 17 14 10 3 
Table 4 Gold Bars Solutions 
According to the official answer book, the only possible answer is 4 piles of 4. In the 
question it asks that all the piles be made the same height, whilst simultaneously 
assuming that the four piles should be retained. However a problem arose that in a 
number of cases the pupils had not realised the inherent assumption of conserving the 
numbers of piles and had posited a different solution, indicating that two equal piles 
could also be obtained in two moves (2 piles of 8). 1 deemed this to be a reasonable 
response and recorded it as a correct solution. 
Table 4 shows that the children in Years 3 and 5 overwhelmingly gave the 2 piles of 8 
solution in comparison to years 4 and 6 which gave the 4 piles of 4 solution. Due to 
the seating arrangements in the two classrooms it would be extremely unlikely that 
the children copied from each other as Years 3 and 4 were mixed together in one 
room and Years 5 and 6 in another. Given the small numbers of pupils involved it 
would not be possible to find an unequivocal explanation for this result. However, one 
possible explanation could be that some children would count all the bars and find it 
easier to divide 16 by 2 rather than dividing 16 by 4. Since this simpler approach 
(dividing 16 by 2) provides a solution which fits in with the requirements of the 
question, some children would assume that it was the correct answer, particularly as 
the requirement to conserve the number of piles of bars is assumed rather than made 
explicit in the question wording (issue 1). 
Part of the question required the children to explain `How did he (Pete) do it? ' Those 
children who provided an explanation (and not all did) did so using two distinct 
methods, a written explanation explaining the moves (e. g. take 1 from the pile with 5 
and put it on the pile with 3 then take 2 from the pile with 6 and put them on the pile 
with 2) or the explanation was given as a calculation (issue 2). For those who 
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provided a calculation, their explanation had to be inferred. For example, 6-2=4, 
2+2=4,5-1=4,3+1=4. Table 5 shows that the majority of children were able to 
provide an explanation in one of these two ways. As the children in one class were 
older that the children in the other class, it might be that the older children have a 
greater facility with language so were more linguistically able and inclined to give 
their explanation in words rather than pictures. 
Year Group Explanation 
indicated 
Explanation via 
calculation only 
No explanation 
indicated 
Year 3 1 9 0 
Year 4 8 0 2 
Year 5 9 2 1 
Year 6 7 2 3 
Total 25 13 6 
Table 5 Gold Bars Explanation Given 
Mode of Picture Use 
As the information within the picture is essential, it was presumed that all the children 
would have used the picture to find out the number of gold bars. If they had not been 
able to deduce this from the picture they would not have been able to attempt the 
question. However, children differed in their representations of the problem. This 
analysis relates to children indicating via labels or arrows how the picture was used to 
calculate or explain their solution (issue 2). 
Year 
Group 
Picture used Own drawin 
used 
g of piles No 
evidence 
Total in 
pilot 
4x4 2x8 Incorrect 4x4 2x8 Incorrect 
Year 3 2 1 0 0 6 1 0 10 
Year 4 0 0 0 2 0 1 7 10 
Year 5 1 1 0 0 0 2 8 12 
Year 6 5 0 0 0 1 0 6 12 
Total 8 2 0 2 7 4 21 44 
Table 6 Gold Bars Picture Use 
Table 6 shows that all the children in Year 3 relied heavily upon a pictorial 
representation (either the illustration provided or their own drawing) to calculate the 
answer compared with children in the other age groups. 
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Related Illustration 
Roly Poly was classified as Related because it reinforced the use of a six sided dice. 
Pupils in school may well be familiar with a variety of dice, some of which have more 
or fewer sides than the conventional six sided one illustrated. 
Roly poly 
The dots on opposite faces of a dice add up to 7. 
1. Imagine rolling one dice. 
The score is the total number " 
of dots you can see. 
You score 17. 
Which number is face down? 
How did you work out your answer? 
2. Imagine rolling two dice. 
The dice do not touch each other. 
The score is the total number of dots you can see. 
Which numbers are face down to score 30? 
The children appeared to have more difficulty with this problem as the number of 
children that asked 'what do you do? ' rose significantly for this question. Part of the 
confusion arises because the dice in the illustration is not a solution to the problem. 
On the single dice pictured the dots you could 'see' add up to 18. This may be a 
reason why, as Table 7 shows, so many used the information that the opposite faces 
total 7 to work out the number shown on the dice in the illustration (issue 4). Of 
course the picture only shows three sides of the dice but the question states The score 
is the total number of dots you can see" and assumes that the pupil is able to mentally 
"walk around" the dice and see the sides that are not illustrated. This raises issues as 
to from whose viewpoint the question is being asked and requires a degree of spatial 
awareness that may have confused the children. 
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Year Group Answer calculated 
using only faces 
shown on the 
illustrated dice 
`Don't 
understand' 
Left blank 
Year 3 6 0 3 
Year 4 7 0 1 
Year 5 4 2 6 
Year 6 0 3 8 
Total 17 5 18 
Table 7 Roly poly Number of incorrect answers which related to the illustrated dice 
Summarising, the issues that arose in the pilot study seem to show that children 
approach these problems in a number of different ways, and because they are still 
learning about handling problems such as these they may pay more attention to areas 
of the question that are actually merely peripheral. In discussions that took place with 
the children who attempted these problems it became clear that some children became 
more absorbed by the characters within the illustration and that this may have diverted 
their focus from the mathematics within the question (issue 5). 
Decorative Illustration 
In the Gobstopper question the 
illustration is classified as decorative 
because there is no information in the 
illustration that is essential or supports 
information from the text. In the first 
part of the question the children are 
asked to find as many of the five 
different solutions as possible. In the 
second part no indication of the number 
of solutions is given. 
In the second part of the question the 
children appeared to have worked 
towards the number of solutions that 
they gave in the preceding part. In the 
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pilot study, only twelve children of the forty-four attempted this part and each found 
five solutions. Two of the children commented that the second part was 'too hard'. 
For those whose answers were incorrect, their error related to a reversal of digits or 
they incorporated invalid coinage to their answers (3p, 4p coins). In this case, it would 
appear that the children were not carrying out a "reality check". 
1.6 - Focus for further study 
Those questions which in the book were aimed at Years 5 and 6 were very poorly 
attempted. None of the children in Years 3 and 4 attempted these questions even 
though they were unaware of their origin. Only two or three children from Years 5 or 
6 gave correct solutions for any one question from this section and for one particular 
question none of the children achieved a correct solution. This indicated that only 
questions from the first two sections of the book (Year 1 and 2, Year 3 and 4) would 
be of use. Finding opportunities for discussing with pupils how they approached 
these problems was easy within my own class of Year 3 and 4 pupils but it proved 
more difficult with children in the Year 5 and 6 class. This practical aspect indicated 
that it would be more realistic in the main study to focus upon children in my own 
class. In the pilot study, children were drawn from all of Key Stage two because I 
wanted to sample as many pupils as possible. It soon became clear however, that 
having a range of year groups would introduce another variable that could make 
analysis of the data more complex, therefore I felt that it was best to focus upon one 
particular year group for the main study. 
I found that both Year groups (Years 3 and 4) were affected by illustrations, at times 
in a positive way, at others negatively. Those in Year 3 seemed to be more affected 
perhaps because their comprehension skills are not as advanced, causing them greater 
problematical issues as they moved up the higher order skills of mathematical 
problem solving. I decided to focus on one particular year group (Year 3). This 
would give me a group in which to trial any activities (Year 4) and also provide a 
safeguard in that if the project went beyond the academic year the Year 3 pupils 
would remain in my class whilst I would lose access to the current Year 4. 
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The choice of problems was important to the study because I needed problems that 
were widely applicable within State Primary Schools. The booklet is available to all 
English state schools being part of the National Numeracy Strategy which has been 
imposed by the government upon English State schools. The illustrations themselves 
appeared suitable for adaptation and were readily classified. 
On a descriptive level the classifications were fine, however because of the way some 
children interpreted the illustrations, especially those that were classified as "Related" 
an ambiguity arose. Some children showed that they used a "Related" illustration as if 
it were "Essential". For instance, in the Roly Poly question, some children totalled up 
the faces they could see in the illustration, rather than using the illustration as a guide. 
My classification of the illustrations was clearly based on their content and their 
relationship to the problem in the text. These classifications were based on a 
descriptive model because it was impossible to predict how the pupils would interpret 
the problems. A descriptive classification system can be rigorously applied, as 
opposed to an interpretive system. 
Although prior to the pilot study the three classifications appeared adequate, for the 
main study I felt that two more categories needed to be considered. These I called 
"Negative Decorative" and "No Illustration". 
Negative Decorative 
In some "Related" and "Decorative" 
problems an element in the illustration that 
was related to the question was drawn in 
excess. There were far more of the items in 
the picture than in the text. In this case, the 
illustration could not be considered as purely 
"Decorative" because it did show an element 
relevant to the mathematical task, albeit in an 
exaggerated manner. I therefore created an 
additional classification called "negative 
decorative" to cover this eventuality. For 
Queen Esmerdda's coins 
Queen Esmerelda had 20 gold coins. 
She put them in four piles. 
t 
f The first pile had four more coins than the second. 
f The second pile had one less coin than the third. 
f The fourth pile had twice as many coins as the 
second. 
How many gold coins did Esmerelda put in each pile? 
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example in Queen Esmerelda's Coins, the illustration reaffirms the notion of coins 
being organised into four separate piles as identified in the text. However, there are 
far more coins shown than the twenty coins stipulated in the text. Some children 
counted the coins in the illustration in order to obtain a solution to the problem. This 
had a negative effect upon their ability to calculate the answer, hence the term 
"Negative Decorative". 
No Illustration 
Logically, in order to investigate whether an illustration has an effect on the answer to 
a question, the question should be also presented with no illustration at all. This final 
category, where there is no accompanying illustration I called "No Illustration". 
1.7 - Summary 
The pilot investigation which employed my initial 3-fold classification of items raised 
a number of key issues associated with the way children went about finding solutions 
to mathematical problems that involved illustrations. It showed that there was a need 
to expand my classification of the types of illustrations found in mathematics 
textbooks. In order to investigate them further I added the two categories "Negative 
Decorative" and "No Illustration". It also highlighted some practical problems of 
carrying out the investigation within school where I had a full teaching commitment. 
It served to focus the study on those areas that appeared to be problematical for pupils 
and led to the creation of a system for classifying problems that would aid the wider 
investigation. The issues identified from the pilot will form the focus of the literature 
review in the next chapter. 
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Chapter 2- Literature Review 
2.1 - Introduction 
Problem solving in mathematics is a large area of study and within that, word 
problems such as those used in the trial detailed in Chapter 1 are one particular facet. 
The results from the trial indicated that children's interpretation of mathematics 
problems may be affected by the use of illustrations in different ways and that a 
number of key issues arose. These were identified as follows: 
1. Whether questions are unambiguous or are capable of a simple and a more 
complex solution at the same time in light of the illustration. 
2. The differences in methods used by pupils when solving problems (using 
maths alone - mathematically or by using a diagram in conjunction with 
mathematical understanding - visually) 
3. The conflict between the mathematical requirements of the question and the 
real world as represented by the illustration. Some children merely try to work 
out what the question requires in terms of mathematics and others take the 
illustration more literally, using their understanding of the subject of the 
illustration in other contexts to help them solve the problem. 
4. If the mathematics appears more challenging, the role of the illustration 
becomes more important in finding a solution. To some children the 
illustration itself may provide an answer that seems a plausible solution to the 
problem. 
5. A combination of the text and the illustration weaves a story into which 
children appear to be drawn. In mathematical problem solving it may be that 
for some children they are unable to disassociate themselves from the story. 
This chapter examines the available literature for evidence as to whether these issues 
were previously documented in other, similar situations. I was also interested in how 
the results of the trial related to the concept of learning and cognitive styles. 
Although criticised strongly in the academic press, for example by Coffield et al 
(2004), use of learning styles is still considered to be "best practice" among Ofsted 
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inspectors and LEA advisors. Similarly, as a professional teacher I was interested in 
whether the differences in approach I had seen were as much to do with reading 
ability as with mathematical ability, particularly as by definition, word problems are 
mediated through reading. As a result of these considerations I decided to focus on 
five areas. These are; 
Problem Solving in Mathematics - this section reflects on some of the vast amount 
of work that has been conducted in the area of problem solving in general and word 
problems in particular. Because the topic is so vast I have chosen to focus upon pupil 
approaches to question interpretation and non-routine problems. 
Classification of Pictorial Representations - this section explores the work of 
previous researchers and how the differing illustration types have been classified. 
This has had an impact on my decisions as to how the illustrations used in this 
research are classified. 
Illustrations and the Reading Process - all the children in this study were at an age 
when learning to read was still a skill they were trying to master. Some were further 
along the journey than others but pictures and illustrations still formed a major part of 
their normal reading material. For others, illustrations will have been used as an aid 
to help them to decode words. Mathematical questions require the children to have a 
reasonable understanding of how text and pictures provide clues as to what the 
mathematics question is about. 
Illustrations in Textbooks - over the past few decades, illustrations in textbooks 
have become more prolific and apparently sophisticated. This section considers the 
possible impact this has had upon children's learning. 
Cognitive and Learning Styles - all the mathematical problems investigated in this 
research involved a mixture of text and visual images which required interpretation. 
Cognitive and learning styles concerns the way individuals respond best to these 
forms of information. 
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2.2 - The nature of problem solving in mathematics 
In the United States of America, the National Council of Teachers of Mathematics 
reaffirmed the call from employers and educators and argued that problem solving 
should become `the focus' of mathematics in school (Lubienski, 2000). It has been 
argued by many that through problem-solving experiences children learn to think 
strategically while learning mathematical content. As Reed (1999) points out, the 
basic skills for solving word problems are more complex than they first appear. Skills 
are needed in understanding the text, determining temporal and special relations, 
eliminating irrelevant information, identifying the unknown variable, selecting the 
correct arithmetic operations, and determining what to equate in an equation. 
Consequently, children need to be taught problem solving, communicating, and 
reasoning and this needs to be practised enough to prevent a mental overload. 
The Qualifications and Curriculum Authority (QCA) give explicit guidance to 
teachers of Key stages 1 and 2 that; 
"Children will need to be taught: 
To select and apply strategies to solve problems in different contexts, checking 
their results; 
To organise their work, using correct language, symbols and notation; 
To reason logically, look for patterns, make deductions and explain them. " 
(QCA, 2002: 6) 
Although there are a number of different categorisations of mathematical problems 
(standard, non-standard, real-world, puzzles), the common theme revolves around the 
degree of mathematical and non-mathematical considerations that need to be applied 
This can be summarised by Cooper and Harries' model. 
1: problems intended to 2: Problems intended to 3: Problems intended to 
require no extra- require particular extra- require general extra- 
mathematical mathematical mathematical 
considerations. considerations. considerations. 
Increasing degree of intended realism in required answer. 
Diagram 1 Cooper and Harries' model of link between realism and mathematical considerations 
(Cooper and Harries, 2003: 453) 
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Teaching pupils to solve problems of this type may be carried out in a number of 
different ways. Boaler, (1998) conducted ethnographic three year case studies in two 
schools following students from Year 9 to Year 11. In one school, children followed 
a traditional approach to problem solving, using standard textbook questions. In 
another school, problem solving was taught using an open-ended and practical 
format. Students who followed the traditional approach developed a procedural 
knowledge that was of limited use to them in unfamiliar situations. Students who 
learned mathematics in an open, project based environment developed a conceptual 
understanding that provided them with advantages in a range of assessments and 
situations. Boaler was working with the premise that students are unable to use 
school-learned methods and rules because they do not fully understand them. 
However, the work indicated that standard textbook questions encouraged the 
development of procedural knowledge that is of limited use in non-school situations 
but if students were given open-ended, practical, and investigative work that required 
them to make their own decisions, plan their own routes through tasks, choose 
methods, and apply their mathematical knowledge, the students would benefit in a 
number of ways. In conclusion it was stated that the "traditional textbook approach 
that emphasizes computation, rules, and procedures at the expense of depth of 
understanding, is disadvantageous to students, primarily because it encourages 
learning that is inflexible, school-bound and of limited use. " (Boaler, 1998: 60). 
Because the type of questions the pupils encountered in this study were non-routine 
and had an open-ended format some children may not have had the ability to select an 
appropriate route through the task in order to find a solution. Some may have looked 
to illustrations to provide them with cues towards establishing an answer. 
Heuvel-Panhuizen, (1999) working in the Netherlands, redesigned mathematics 
assessment questions with the intention of allowing students to emphasise what they 
could do rather than what they couldn't. When answering problems, prominence was 
given to the workings of the children rather than solely to the correct answer. Her 
team constructed the test to be easy to administer and "tried to avoid tests with 
extensive oral or written instructions that would result in overemphasizing listening 
or reading comprehension rather than an understanding of mathematics. For this 
reason, we have looked for tasks that require no additional information beyond the 
minimum of instruction needed to get the intent across. Little text is used; rather, 
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pictures that are self explanatory and related to meaningful situations convey the 
problem to be solved" (Heuvel-Panhuizen, 1999: 132). The context for the problems 
was deemed to be important in that it allowed students to quickly grasp the purpose of 
the problem, little text meant the student did not have to wrestle with text and the 
picture provided a motivational element by being `pleasant and inviting'. Students 
were considered to be inspired by the context and elicit their own strategies to solve 
the problem. On occasions the accompanying drawing was used directly. An 
example of a question type is that involving a polar bear. 
.0 
500 kg 
1 children 
L rap Poi 
Accompanying instructions are given 
verbally "A polar bear weighs 500 
kilograms. How many children 
together weigh as much as one polar 
bear? " (Heuvel-Panhuizen, 1999: 134). 
The problem gives no indication of 
the kind of procedure the children are 
expected to use, although long 
division is the intended focus and the 
children are expected to assume an 
average weight of a child. 
The accompanying examples of children's work show that each child selected one 
particular weight within the range 25 to 35 kilograms, then used a form of repeated 
addition to reach a concluding answer. Heuvel-Panhuizen, notes that the "quality of 
this Polar bear problem lies in the fact that it makes the mathematization by the 
students visible and gives clues for how to guide them in the reinvention of it" 
(Heuvel-Panhuizen, 1999: 138). 
I feel that there are a number of issues with this problem that need consideration. 
Heuvel-Panhuizen places emphasis on the importance of context, yet a polar bear 
appears out of context in the Netherlands based problem, let alone the real life 
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situation of comparing the weight of such a creature to a certain number of children. 
Comparing the weight of a polar bear with the weight of a number of children is not 
really a "meaningful situation" (Heuvel-Panhuizen's words) but rather an example of 
a mathematical problem using objects that may be readily identified. The answers 
given by the children show that by using repeated addition, they took the mathematics 
out of context making it solely a mathematical problem. This is indicated by the fact 
that all the children used the same weight in their additions although the actual 
weight varied in each case. Indeed if the children had interpreted the question as 
reality, each child may have varied the weight of the children in their addition. Of 
course, if a child had used a variety of weights it would have negated the objective of 
assessing children's long division skills. It would appear that the only real difference 
between this and other mathematical problems is that children had to select the weight 
to use. The children have played by the classroom rules and expectations of 
performance, rather than genuine engagement with the possible range of relevant data. 
Unless they were familiar with this type of problem, it may have caused undue 
anxiety for some children. It has been suggested that mathematics anxiety threatens 
both performance and participation in mathematics and may be a fairly widespread 
phenomenon that begins at an early age. The use of procedures and rules which are 
clearer and easier to cope with than concepts in abstract situations provide students 
with the emotional security by providing something to help solve the problem rather 
than having to create one's own solution. Kyriacou noted that although much of 
school mathematics is embedded in real-life contexts, it is still taught and used in a 
way that uses this context as a means of developing and sustaining the use and 
understanding of mathematical operations, rather than how the mathematics was used 
in the real life context to solve meaningful and purposeful problems. (Kyriacou, 
2005: 180) 
In order to investigate methods of problem solving, Kazemi (2002) interviewed ninety 
American fourth graders by working on multiple choice questions and juxtaposing 
them with similar open-ended problems. The data suggested that when answering 
multiple choice questions, students consider the answer choices first and do not 
necessarily think through the problem. Moreover, the children drew on their life 
experiences when the context of the problem was salient, often ignoring the 
parameters of the stated problem. 
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Cooper and Dunne, (2000) conducted a large scale project focusing on children from 
Year 6 and Year 9 who had taken the statutory end of key stage tests. As well as 
collecting quantitative data they also worked closely with individual children as they 
revisited the problems that had been in the key stage test. It became clear that social 
class had a correlation to children's success with problem solving. Children from the 
service class were especially likely to be successful at problem solving in realistically 
contextualised items because they were able to work within the parameters of the 
problem and be less influenced by irrelevant realistic factors. Children from the 
working class group were more likely to apply inappropriate real-world scenarios to 
mathematical problems. It became clear that the validity of items interacts with social 
based strategies for a solution. 
Others (Kyriacou, 2005, Verschaffel et al, 2000) have also indicated that in real-world 
mathematical situations, adults and students do not use school-learned mathematical 
methods or procedures. In a school mathematics setting students were more inclined 
to follow standard mathematical procedures yet outside of this domain alternative 
mathematics was used. This indicates that the choice of mathematical procedure 
depended more on their environment or context than on the actual mathematics within 
the tasks. 
Some of the problems used in this study have been taken from government issued 
texts. In 2002, QCA issued guidance to teachers concerning the changes to 
assessment in 2003. The paper included exact examples of the type used in this 
research. 
Activities such as these can be used to help children analyse the structure of 
problems in order to plan a route to a solution. Methods of solving a 
problem include identifying the information that is relevant and the 
mathematics to use, breaking the problem down into smaller steps, 
generating and listing data, and sorting and classifying information. (QCA, 
2002: 7) 
Activities such as these can be used to teach children how to interpret 
precise mathematical language, symbols, notation and diagrams and use 
these to communicate their mathematics. This can be modelled for them in 
what you draw and write and the language that you use. (QCA, 2002: 9) 
Activities such as these can be used to teach children to look for patterns 
and relationships or to explain, and later to justify, even quite simple 
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results. Help children to explore the mathematical structure of problems 
and to generalise. (QCA, 2002: 11) 
As of 2008, no problems of this type have appeared in the statutory tests. It may be 
that in a political situation where the results of statutory test are high stakes for 
schools and politicians this type of open ended investigative question is too hazardous 
for the simple reason that they would be almost impossible to mark reliably. 
Therefore there remains a focus on back-to-basics policies which has a direct threat to 
the emergence of a new form of mathematics. The current diet of problem solving 
with its attendant problems will remain. "The current regime of stereotyped and/or 
artificially realistic questions typical of many school texts and tests is not 
encouraging the breadth and depth of thinking that could otherwise be possible " 
(Cooper and Harries, 2002: 20). 
Problem solving is an important element of the mathematics curriculum in developing 
a range of strategic thinking skills valued by those both within and outside the 
education arena. The common theme of the authors identified (Boaler, Heuvel- 
Panhuizen, Kyriacou,. Cooper and Dunne) is that within the classroom setting 
procedural knowledge is developed rather than investigative mathematical strategies. 
Those who play by the rules and ignore the real life parameters were more successful 
in the classroom. But as Reed identified, problem solving is a far more complex 
process than it first appears and this procedural knowledge developed by children may 
be a way in which pupils simplify such a complex problem. 
2.3 - Focus on word problems 
Within the vast range of problem solving questions, one particular area is that of word 
problems. This type of problem encompasses the types of mathematical problems 
found in this study. Word problems can be viewed as mathematical exercises where a 
mathematical computation is hidden within the text of the problem, and the task of the 
pupil is to identify, and subsequently solve the computation in question. This hidden 
computation is often set in a real-life situation, usually in an attempt to provide an 
authentic context for the problem, possibly in a form that the pupil has previously 
experienced, for instance, shopping for sweets or distributing items fairly. Hence 
word problems can be seen to represent the interplay between mathematics and reality 
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and they give a basic experience in mathematical modelling. "In the metaphorical 
construction of learning, problem solving is often construed as the situation in which 
mathematical skill and insight are put to real use; when students solve problems, they 
apply their knowledge to some real world situations and do not merely perform a set 
of abstract exercises that can be solved in an algorithmic manner. Problem solving is 
seen as a decisive test of genuine skill and understanding". (Wyndhamn and Säljö, 
1997: 361) 
In this study children were still developing their problem solving skills and their goal 
was to find out the mathematical task within the problem. If they had defined it 
correctly, the solution could be arrived at by straightforward computation. The type 
of word problems children in Year 3 encounter are relatively undemanding, one or 
two step problems. A typical one step word problem would be; 
Ali picked 70 apples. He gave away 32 apples. How many apples did 
he have left? 
The one step problem hidden within the text would be 70 - 32 = 
An example of a two step word problem would be; 
Hannah invites 16 children to her party. 4 of them arrive by car 
and the rest walked. How many children walked? 
In this question the answer is calculated in two steps. The first 
being, 16 =4=x, followed by the second step of 16 -x= to give 
the final answer. 
Even within these apparently simple word problems, many pupils seem to have 
difficulty learning how to choose appropriate number operations and calculation 
methods to solve money and real-life problems; in other words, solving word 
problems and applying what they know. 
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Appleby, (2003) who taught a class of twenty four Year 3 children found that on 
observation not one of her pupils was able to correctly show the calculation to given 
word problems. There seemed to be little or no understanding as to the purpose and 
task required even by the high achievers. The key problem which she identified was 
that the class had never been taught how to solve word problems. With the aid of a 
colleague she embarked on a series of sessions to develop the children's skills of 
extracting the key vocabulary from the problems and then applying the appropriate 
calculation. She reported a marked improvement in their ability to tackle word 
problems in that three quarters were subsequently able to show the correct calculation 
to a given word problem. 
Appleby's work is in line with guidance on the teaching of problem solving from 
QCA and the National Strategy through training has, from my personal experience, 
concentrated upon modelling answers for children. An issue with Appleby's research 
is that at least a third of her class had English as an additional language which clouds 
the issue as to whether the children had been unsuccessful prior to this because their 
knowledge of the English language had not developed sufficiently or if there is a 
fundamental problem with children's ability to understand the language of word 
problems. It may be that these children have reflected Verschaffel et al's (2000) work 
in that when confronted with word problems in a typical school setting they solve 
word problems in a `stereotyped and artificial way without relating them to any real- 
life experience" (Verschaffel et al, 2000: 12). Through the focused sessions they have 
learnt school mathematics. Appleby's approach contradicts results from Wyndhamn 
and Säljö "which identifies that explicit training in problem solving was not 
particularly efficient in improving the skills of pupils. That is, poor problem solvers 
do not become very much better at what they are doing by copying what good 
problem solvers seem to be doing". (Wyndhamn and Säljö, 1997: 363). 
Therefore, providing approaches to problem solving to poor problem solvers is not 
necessarily an appropriate approach. They also need to develop their own model and 
ideas on how to formulate a plan when problem solving. Children are also more likely 
to use the arithmetic operation with which they feel most competent and/or one that 
has recently been discussed in the classroom (Reed, 1999). In looking at problem 
solving, Fairclough, (2002) considered the mathematical skills required for each 
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problem in parallel with the skills and procedures attributed to solving any type of 
problem. Her experience indicated that children develop many problem solving 
strategies through "training rather than teaching" (Fairclough, 2002: 98). 
Other authors would tend to agree. For instance, Pape suggests that: 
"Novice problem solvers begin ineffectual solution paths, based 
predominantly on problem exploration, and continue without monitoring 
their progress. In comparison, expert problem solvers read and analyze the 
problem but then move toward a solution using various other cognitive 
processes such as planning, implementing and verifying, altering their 
behaviour based on judgements of progress. For expert problem solvers, 
developing a mental representation for a problem is an ongoing process 
involving many transformative behaviours" (Pape, 2004: 191) 
This clearly links with the view of strategic thinking referring to the development of 
a repertoire of mental and written calculation strategies, and informed decision 
making about their use. It may be that the children in Appleby's study became trained 
to follow rules and use symbols without reflecting on, or analysing, what these rules 
and symbols mean in the specific context in which they are used. The general 
outcome may be that pupils solve certain kinds of standard problems satisfactorily, 
but are unable to apply their knowledge when encountering new kinds of problems. If 
we consider the development of mathematical problem solving as the acquiring of a 
series of underlying skills moving from a recall level to that of application and 
synthesis, some problems may require a higher level of underlying skills than the 
pupil currently exhibits. 
Recall I Understanding Application Synthesis 
Diagram 2 Progress of mathematical skills in problem solving. 
When comparing the amount and kind of variability of word problems presented in 
Soviet and American textbooks, Stigler et al, (1986) found that solving a word 
problem may be quite different when the problem is unfamiliar than when the 
problem has become familiar. When the problem format is familiar, the child may 
simply use cues in the problem text to retrieve the appropriate problem scheme from 
memory. Soviet textbooks were seen to have greater variety and amount of word 
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problems than found in the American textbooks. Soviet children appeared to more 
successful at solving a range of word problems than those from America. The 
deduction was that the frequency with which children are exposed to problems of 
different types would relate to the ease with which problems are solved. (Stigler et al, 
1986: 155) The difficulty with this view is how much children are applying and 
synthesising and how much is recall of training. In relation to textbooks he 
hypothesised that "textbook makers probably are motivated to give teachers materials 
that will not be too difficult to teach; hence they over represent the easy problem 
types in their texts.... children are asked to solve easier and easier problems, which in 
turn makes the difficult problems even more difficult and thus less likely to appear in 
the elementary mathematics textbooks" (Stigler et al, 1986: 169). This does appear 
rather over-exaggerated, but it might explain the rather limited range of variety and 
formulaic word problems that children tend to encounter in their textbooks. 
Hegarty et al, (1995) looked at two groups of college students, one group consisted of 
those who were described as unsuccessful problem solvers and another group of 
successful problem solvers. Their research focused upon eye fixation data and 
concluded that "unsuccessful problem solvers devote a higher percentage of their 
fixations to numbers and relational terms when they reread part of the problem, as 
compared with successful problem solvers. Overall, the unsuccessful problem solvers 
looked back at parts of the problem more than did successful problem solvers, thus 
suggesting that they are struggling to figure out how to solve the problem" (Hegarty 
et al, 1995: 29). The unsuccessful solvers begun by selecting numbers and keywords 
from the problem and based their solution plan on these, they also spent their 
additional effort mainly in re-examining numbers. The successful problem solvers 
begun by trying to construct a mental model of the situation being described in the 
problem and plan their solution on the basis of this model and where re-examination 
of the problem was required they focused on informative words. The interpretation of 
the evidence was that problem comprehension processes play an important role in the 
solution of arithmetic word problems. It would appear that the successful problem 
solvers were able to focus on the words that inform the student what needs to done, 
such as "less than", "how many". These are the words that provide the cues to what 
needs to be done with the numbers, something unsuccessful problem solvers seem 
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unable to comprehend. Therefore accurate comprehension of the text is vital to 
chances of success. 
The word problems the children encountered in this study did not follow the standard 
type of word problem they would normally encounter, hence I have termed them non- 
routine. Rather than being straight-forward problems in simple contexts (routine 
problems) they require attention to both the text and usually the illustration and the 
addition of some common knowledge of the world in order to make sense of them. 
What makes them non-routine is that the children will need to decontextualise the text 
and illustration to find their meaning and subsequently recontextualise them in the 
form of an appropriate calculation (or calculations) in order to solve the problem. 
2.4 - Issues related to the solving of word problems 
The subject of this research is to look at the effect of illustrations in mathematics and 
a substantial part of the study looks at their role in word problems. This section 
explores those elements that have been identified through the pilot study that appear 
to have an influence upon children's use of illustrations. 
2.4.1 - Pictorial representations and their classifications 
In the pilot I classified the illustrations based upon their relationship to the text. 
Those illustrations that provided information necessary to the problem that was not 
identified in the text I classified as "Essential". Illustrations which reflected an aspect 
of the problem that was necessary to the calculation I classified as "Related" and 
those whose illustration reflected the scene only were classified as "Decorative". At 
the conclusion of the trial it appeared this classification based only on three types of 
illustration may have been too simplistic and that other classes of illustration were 
necessary. In this section I explore the literature to see how other researchers have 
classified illustrations in order to ascertain whether and how my classification might 
be improved. 
Levis and Lentz, (1982) classified illustrations into two main types: representational 
and non-representational. Representational illustrations are those that show what 
something looks like. Non-representational illustrations are diagrammatic 
illustrations used to represent data, such as graphs, maps, diagrams. These two types 
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have also been catalogued as being realistic or schematic. Since all the illustrations 
used in this study would be representational this method of classification is too broad 
a term to be used in the study. 
Duchastel and Waller (1979) classified illustrations into seven different types, 
namely: 
V Descriptive: which shows what an object looks like 
V Expressive: those that imply an emotive response in the reader 
V Constructional: technical drawings that provide assembly instruction 
V Functional: diagrams that illustrate a process or organisational hierarchy 
V Logical-mathematical: depictions of mathematical concepts such as graphs 
V Algorithmic diagrams: such as flow charts 
V Data display: such as pie charts and histograms 
Duchastel and Waller's classification system contains many elements that are 
inappropriate for the mathematical problems on which I was focussing. These 
problems do not use flow charts, pie charts or graphs, so a great deal of the 
sophistication of this approach is lost on my study. Where there are similarities to my 
system "descriptive" for instance, the definition is too broad for my purposes and is 
not precise enough to cover the illustrations I was categorising. Similarly, the 
"expressive" type is interesting and it is quite likely that the characters illustrated in 
the problems I was using would elicit an emotional response from the children. 
Whether this would have any effect on their ability to find the mathematical problem 
within the question is not nearly as clear. 
When investigating the role illustrations play in school science, Stylianidou, (2002) 
identified those images relevant to their investigation by classifying them in a rather 
complicated manner. 
f Images requiring interpretation of the roles of elements representing both real- 
world and schematic or symbolic entities (R/S) 
f Images whose interpretation requires certain elements to be given importance or 
be highlighted, often in relation to textual/graphical features which make them 
salient, or do not make them salient (SEL) 
f Images containing elements that require appropriate readings of symbols, and 
that contain examples of synonymy, homonymy and/or polysemy of symbols 
(SIM) 
f Documents with images requiring verbal elements included within the image or 
used as captions (VE) 
f Documents containing more than one image requiring interpretation of 
relationships between different images (INT) 
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f Images that make important use of compositional structures requiring the 
reading of special distributions and different representational structures (CS) 
Stylianidou's model contains ideas that would be useful in the development of a 
system of classifying pictures, but is too complex for use in my study. It would be 
more appropriate for extremely content-rich illustrations and especially if there were 
subtle nuances to be drawn from such images. However, the dimensions within this 
system do not correspond with the dimensions within my own system. 
Another classification system is that of Reid, (1990) who classifies illustrations into 
three main functions: 
V Remuneration: they act as a stimulant for someone to purchase the 
book thereby giving the publisher a financial reward 
V Perceptual: this is sub-divided into a number of categories; 
attracts attention to the picture, 
directs attention to a specific part 
motivates giving an incentive to look further at the book. 
V Cognitive: sub-divided into: 
reiteration, further exposure to text 
representational, make concepts more concrete 
organisational, integrating parts of the text 
interpretation, make text more comprehensible 
transformation, presenting information in a new way 
pedagogic, designed to help the `less able' 
Again, this system does not fit in with the dimensions in my study, being more 
aligned with categorising the way that the student interacts with the question. 
Santos-Bernard, (1997) focused upon two types of illustration; the cosmetic and the 
relevant. The cosmetic related to those illustrations that showed what something 
looked like but contained no information necessary to accomplish a task. This would 
relate to my classification of "Decorative". Her relevant illustrations showed how 
something looked but also contained information pertinent to the mathematical 
problem and were intended to be used as a direct source of information in order to 
accomplish a task. This category appears to cover those I have identified as 
"Essential" and "Related" but I believe there is a distinction between the two. 
For the purpose of this study, classification of illustrations will involve those that are 
representational in that the illustrations represent a form of reality relevant to the text. 
Equally it could be said that the illustrations are descriptive because they show what 
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something looks like. Additionally, the cartoon nature of the illustrations encourages 
an emotive response from the reader giving them an expressive quality. Although 
others' classifications may be of value given other research foci, they do not pick out 
the dimensions relevant to my research focus. Principally, my representational 
illustrations may be classified by their related and cosmetic function (Santos- 
Bernard's work) but this classification remains rather rudimentary. There are some 
illustrations that are essential to the understanding of the problem and other purely 
cosmetic illustrations which are definitely misleading if they are taken into account 
when formulating a solution. I shall delay a further breakdown of these categories 
until the methodology chapter. 
2.5 - Pictorial representations and the reading process 
Both the literature review on word problems and the pilot study have indicated that 
comprehension of the problem is essential if children are to construct a schemata 
appropriate to the question and execute it successfully. The majority of mathematical 
problems that children encounter involve the reading process. The predominance of 
problems the children encounter in this study involve the decoding and 
comprehension of text. As a teacher and observer of others I know that pictures are 
used extensively by children when reading. For example, if a child is unable to 
decode a word they will typically use the illustration to help identify the word. If a 
noun is required the children will use the first letter of the word to see if there is an 
object in the illustration which begins with that letter. In discussing the text, 
reference will be made to the illustration. This section examines the role illustrations 
play in the development of children's decoding and understanding of text. 
Children of ages seven and eight are still learning and refining their reading skills and 
most texts the children encounter contain illustrations or pictures. Reading is a 
complex process that involves word recognition, or the decoding of marks on the 
page, and comprehension, the construction of meaning from words and sentences. 
The skilled reader decodes in a highly automatic and efficient way and constructs a 
mental representation of what the text is about. (Newton, 1995). 
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Reading is an internal process and understanding the development of reading skills 
with the accompanying construction of meaning has been the central feature of 
reading researchers for several decades, a time that has seen children's literature 
undergoing tremendous changes. "Numerous contemporary picture books no longer 
contain simple relationships between images and written text. Some illustrations are 
closely aligned with the written text, providing symmetrical information, while others 
enhance or contradict the meaning of the written text". (Serafini, 2005: 61) 
This vogue for highly illustrated and colourful textbooks is the current milieu in 
which children are learning and developing their reading skills. 
It is now acknowledged that picture books can have multiple meanings and multiple 
discourses and that the reading of images is one aspect of visual literacy that is 
required in an increasingly technological age (Walsh, 2003). Reading of pictures is a 
different process from reading words. Work conducted by Arizpe and Styles, (2003) 
identified that the reading of pictures is an equally complex act of reading as the 
reading of words, and that pictures can evoke different levels of responses. In 
contemporary society, children are increasingly presented with materials that are not 
linear, for example web pages, multi-media advertisements, music videos, and 
informational texts. In order to be successful, readers need to learn to navigate these 
and critically evaluate the information presented (Serafini, 2005). The implication 
here is that children are having to learn to read pictures as much as words and to gain 
a working understanding of both media sources. 
The actual act of reading involves the use of sensory material, in general this will be 
what we see "through the eyes" or, and information we already know that is stored in 
our minds "behind the eyes". Smith, (2004) illustrates this process in the following 
diagram. 
Visual information Nonvisual information 
through the eyes behind the eyes 
Reading = 
Diagram 3 Two sources of information in reading (Smith, 2004: 74) 
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This indicates that if children are unable to comprehend meaning using information 
from their stored knowledge they become more reliant on the visual source. 
However, if within the visual text the words have been of little help, then the visual 
images (or illustrations) accompanying the text will become the predominant route to 
comprehension. As cited above, learning to read images is also a process that has to 
be mastered. 
Most children and adults would recognise this image as a dog. It 
may not be a well drawn illustration of a dog but it is clearly a 
drawing of a dog, but you would not confuse it with an actual 
dog. However, if I was to say that this is a drawing of my dog 
Pip, as words describe both reality and depictions of reality, the 
generic drawing now becomes a specific drawing of a 
particular dog. The picture may more closely resemble 
another dog (say Taff) but it is still a drawing of Pip. The illustra: or starts to 
develop substance, becoming a specific character which could be placed into any 
number of settings. The character develops even greater substance depending on the 
context. For example, if Pip is pictured in a kennel it is more believable than if Pip is 
pictured inside a diving suit. As they develop, children learn to read the relationship 
between pictures and what they depict (Serafini, 2005). 
Kress, (1997) contends that the reading of images involves quite a different process 
to the reading of words. Images involve the arrangement and display of elements that 
are salient. Yet as Newton, (1995) identifies pictures can make complex information 
accessible, serve to verify or shape mental models, make prior knowledge available, 
and motivate the reader" (Newton, 1995: 128). This has direct relevance to the type 
of illustrations used in this study. Using as an example, in one of the mathematics 
problems mentioned previously, Queen Esmerelda's Coins, (page 22) we can examine 
this idea more closely. The illustration shows a lady with a crown on her head. The 
crown would be a visual symbol that the lady is either a queen or a princess. 
However, the text specifically names the character as Queen Esmerelda. The image 
then becomes one of a specific, rather than a generic, individual. To add further 
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substance to the image, the background infers an appropriate setting; a room in a 
castle with a soldier in medieval dress standing guard as she is busy dividing up her 
coins into different piles. The image is defining a particular reality, albeit one where 
the queen's cat wears a crown! Children are being lured into believing that the image 
portrays a particular reality. The problem in this example is that the image conflicts 
with the text in depicting more than the twenty stated coins. A dichotomy results in 
that within the image in Queen Esmerelda's Coins, some of it is true and some is 
false. This means that the children have to have the sophistication to accept certain 
elements of the image as true, but not others. This could be difficult for those who are 
relying on the picture for clues as to the nature of the mathematical problem. 
Such a discrepancy between text and picture could cause conflict and uncertainty in a 
child who is relying more on the visual information, Success in solving this problem 
may lie in which of the two visual sources has greater influence on the child 
attempting it, the words or the image. Research conducted by Filippatou and Pumfrey, 
(1996) identified that one of the central characteristics of some children is their 
relatively limited ability to filter out extraneous stimuli and to focus. They also 
concluded that "the presence of both graphemic and pictorial information stimulates 
the reader who is sensitive to the semantic and syntactic constraints in language to 
integrate the two sources of information, both of which contribute to word 
identification and reading comprehension ". (Filippatou and Pumfrey, 1996: 269). 
Nevertheless, this integration may only occur when the two sources concerned are not 
providing conflicting information. 
Due to the complexity surrounding images in picture books, Serafini (2005) argues 
that current picture books with their colourful illustrations that may or may not 
illustrate features of the text can unsettle the reader's expectations. If this is the case, 
are children familiar with this conflict between text and illustration and able to deal 
effectively with the discrepancy? From the psycholinguistic view, "comprehension 
will be dependent on learning to process information from the semantic, the syntactic 
and the orthographic dimensions of information and that the efficiency of the process 
relies on learning to select, within the redundancy of information available, only that 
which is necessary to message identification.... Illustrations constitute a source of 
contextual information that facilitates the process of message identification through 
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increasing the reader's access to semantic information and reducing his reliance on 
orthographic information" (Donald, 1983: 175/176). 
In the case of Queen Esmerelda's Coins, the illustration would appear to be providing 
that contextual information that is missing from the text, something the child would 
have to imagine for themselves as they construct a mental representation of the 
situation. Therefore it could be argued that the illustration is an aid to the message 
identification process and plays an important part in the reading of the question. In 
order for pictures to `work' they must activate certain information-processing skills 
within the learner (i. e. selecting, organizing, integrating and encoding). If these are 
not activated and used, negligible (or negative) effects can be expected. (Filippatou 
and Pumfrey, 1996) The illustrations in the mathematics context used in the study 
show scenes familiar to any child brought up on a diet of cartoon and `Disney' 
animation, so the information-processing skills are likely to be triggered. 
Pictures can become a second line of communication so it is possible for children to 
use them and in doing so avoid words (Newton, 1995). In work conducted by Adams, 
(2001) it was found that children take more time with illustrated than plain (non- 
illustrated) texts when reading silently. They are also found to pay more attention to 
the pictures when the text is relatively difficult for them. A number of researchers 
observing primary school children, have focused on children's use of the illustrations 
to show meanings beyond the scope of the literal story (Serafini (2005), Robinson 
(1997), Walsh (2003)). Children's reactions indicated that the pictures had a 
significant impact. Responses by the children were not merely literal. Many children 
were identifying and observing details, some were making links to their own 
experience, interpreting and predicting new information, making affective and 
evaluative comments and showing they were aware of textual features. This work 
indicates that illustrations are part of the reading process and have a significant 
impact. However, the focal attention hypothesis argues that illustrations interfere 
with the process of learning to read in that they are regarded as distracters in the 
learning process (Donald, 1983). 
Filippatou and Pumfrey, (1996) identified four contrasting views of how pictures 
might affect pupils with different reading abilities. 
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Compensatory Stance 
This suggests that highly skilled readers are 
already skilled at extracting and remembering 
information presented in texts, so 
representational aids such as pictures are 
superfluous. In contrast, less skilled readers have 
difficulty constructing representations of 
textually presented information and need 
compensatory aids to help them adequately 
construct such representations 
General Enrichment View 
Here pictures may benefit skilled readers who 
are already able to exploit the pictures and 
construct even better and more detailed 
memory representations than they could 
construct from the text alone. On the other 
hand, less able readers struggle to form a 
coherent representation regardless of whether it 
is presented in textual or pictorial format. 
Therefore, pictures will enhance the recall of 
both relational and detail information for more 
highly skilled readers but have no effect for less 
skilled readers. 
Selective Compensatory Framework 
Pictures serve to compensate for skills. 
Relational pictures will be superfluous for 
highly skilled readers, but partial pictures will 
not. The opposite would be the case for less 
skilled readers. This framework predicts that 
relational pictures will primarily benefit less 
skilled readers, and partial pictures will 
primarily benefit more highly skilled readers. 
Selective Enrichment 
Pictures serve to enrich the memory 
representation of information. For less able 
readers who focus on more detail, then partial 
(non-integrative) pictures enhance recall of 
partial information. In contrast, if more skilled 
readers focus mainly on relational information, 
then relational (integrative) pictures would 
enhance recall for higher skilled readers. 
Filippatou and Pumfrey, 1996: 272/273 
All these approaches suggest that pictures are of more importance to less able readers 
but that their importance to more able readers is less clear. They also relate well to 
the categories I created for this study. Filippatou and Pumfrey's model implies that 
my "Related" category might prove a stumbling block for poorer readers for the 
reasons given by their "Compensatory Stance" and their "Selective Compensatory 
Framework". In other words, whereas better readers do not have to use the 
illustration to aid their comprehension, poorer readers are likely to be far more reliant 
on the picture to fill in the gaps in their understanding. However, if the related 
illustration is in any way misleading the poorer readers could be compromised by 
their over reliance on the picture and not be equipped to realise the limitations of the 
illustration. 
Conversely the model also concurs that less able readers would be particularly 
discommoded by the "Negative decorative" class which acts as a "false friend" by 
seeming to model the reality of the problem, but only within some elements. 
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Similarly, the category I call "Decorative" seems to fulfil the role of Filippatou and 
Pumfrey's "Selective enrichment" item. 
This work suggests that the type of picture incorporated in the text is a factor but so is 
reading ability. Donald (1993) presented average second year readers with a 
continuous sixty-six word story and found that illustrations significantly facilitated 
word identification accuracy, the rate of self-correction and literal comprehension. A 
further conclusion of his research was that a crucial developmental acceleration 
occurs in the ability to make use of linguistic, contextual constraints between, 
roughly, the second and the fourth grades. His research identified that "the accuracy 
of those at reading age 7 drops substantially to below 90 per cent under the no 
illustration condition..... illustrations have a substantial effect on the meaningfulness 
with which the textual message is identified and that they therefore constitute a 
significant source of information for readers at this level. Conversely, for good 
readers at reading age 9, illustrations have no significant effect on either of the 
variables representing the accuracy of message identification, and it is clear that, for 
this group, illustrations do not constitute an important source of information in 
accessing the textual message ". (Donald, 1983: 179). 
Donald states that at a reading age of 7, illustrations have a positive effect but for 
poor readers at a reading age of 9, more reliance on the illustration to provide extra 
information was noted whereas good readers at reading age 9 were relatively 
independent of illustrations. 
In work conducted by Filippatou and Pumfrey, (1996) the reader had particularly to 
focus on the printed text when reading, only referring to the illustration for assistance 
in decoding unknown words. The results suggested that the low achiever in reading 
(within an age group) accesses the pictures more frequently than the higher achiever, 
especially when the former is dealing with difficult reading material. Pictures, being 
the most visually salient cue were likely to be selected more often by low reading 
achievers for eliciting their verbal responses. Equally, less skilled readers have been 
found to be more susceptible to interference from illustrations than more skilled 
readers (Beveridge and Griffiths, 1987: 3 1). Almost all the studies that have looked at 
the relationship of reading ability to the effect of pictures on text processing have 
45 
shown that less able readers are overly reliant on pictures to provide information that 
they are not otherwise able to elucidate from the text. The difficulty level of the text 
was crucial; pictures were in general helpful when associated with easier texts but had 
little effect on the comprehension of difficult texts. I would illustrate this in the 
following diagram. 
LESS SKILLED 
READER 
More reliant on 
illustrations to 
decode text. 
More likely to make 
decoding and 
comprehensive 
errors. 
More influenced by 
illustrations. 
Illustrative Text 
Diagram 4 Reading skill and reaction to illustrative text. 
HIGHER SKILLED 
READERS 
Less reliant on 
illustrations for 
decoding and 
comprehension. 
More tolerant of 
ambiguity in 
illustrations. 
More selective in 
illustrative 
information. 
For both groups focus is on details in an illustration they believe to be significant 
(Robinson, 1997). Donald (1983) suggests that illustrations that contain literal 
information, have a significant role to play in the process of early reading for good 
readers but that their relevance declines sharply with development. For poor readers, 
it is proposed that a there is a progressive dependence on illustrations which appears 
unlikely to be adaptive to differing situations. Therefore pictures can distract and lead 
the reader astray. 
2.6 - Pictorial representations in textbooks 
Before looking at the role of illustrations in textbooks it does need to be made clear 
that over the last few decades there has been a dramatic increase in the role and 
presence of illustrations in textbooks of all types, not just those used for teaching 
mathematics. This may be because we live in a more sophisticated multimedia world 
where drawings and text are expected to be stimulating, informative and of high 
quality. In order to illustrate this, I examined school mathematics textbooks from 
1937 onwards, with a particular emphasis on the role of illustrations within the text. 
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4NAasetie 
TEST 1. MONEY: MULTIPLICATION 
1. V 6e. 3d. x 7.2. £12 2s. 54d. x 12. 
3. £1 fin. t d. x 3.4. L2 13s. 4d. x 3. 
5.19e. 11 d. x 7. R. 19e. II id. x '4. 
7. lls. 114d. x 6.8.7e. 114d. x 10. 
9. Find the cost of 5 dosen things at id. one h. 
10. What is the difference between 6 half crowns and R florins! 
11. Find the postage oa a 12 os. letter, if the firnt 2 or. 
earn lid., and every additional 2 os., id. 
TEST I. MONEY: DIVISION 
1. rl=6.2. £2 = 3. S. £1 = 8. 
4. LS We. _ 8.5. £34 17s. ßd. = 8. 
6. £64 2s. 31d. = 5.7.173 6a 3d. = 10. 
8. If 4 eggs cost 8d., what in the price of 1 an t 
9.12 articlem cost 9e. 6d. Find the cost of one. 
10. A dosen pen, coat 3n. 9d. What iw the price of one I 
TESTS. MONEY 
I. Find the cost of 1 doyen articles at 4d. each. 
2. How many times is 2e. Rd. coot. iosd is il i 
3. How many farthing. are equal to 10s. 1 
4. What is the value of 13 half-ceowm in £ s. d. 1 
5. How many shillings are equal to 5 geioees 1 
6. Find the cost of twenty I; d. damp.. 
7. Find the cost of 4 yds. of cloth at II per yd. 
8. How many eggs at 2id. can be bought for Ia. 6d., and bow much is left over t 
9.12 cups cot 7e. 3d. What is the price of nach I 
10. Find the cost of 12 things at 24d. each. 
Although the text is from a test book 
rather than a text used for teaching, this 
example from 1937 shows a complete 
absence of illustrations. (Fulford, 
1937: 2) 
I 
Al 
9 
13 
This example from 1973 shows very little 
change from the 1937 textbook. The page 
is dominated by "sums". There are only 
two illustrations - one being a table and the 
other a circle around a group of numbers 
that are related to a question. (Adams & 
Beaumont, 1973: 12) 
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Number Four rules 
326 2 185 3 327 4 251 
234 
210 
OW 
-2m 
250 
+ 332 
437 
--120 
228 6 1äp 7 247 8 170 
407 5 390 354 
133 1212 1471 ff 
254 10 135 11 163 12 137 
173 66 184 88 
77 288 360 468 
597 _LW 
1267 14 2455 15 1469 16 1852 
wo m7 3289 
554 76O 835 2586 
1780 f1 085 1487 + 7ýZ 
B The chart shows the daily attendance for four weeks. 
ON. TUE. WED. THU. FM. 
fat week 6ß 757 836 767 6S/ 1 Find the total attendance 
2nd week 782 801 753 824 for each weak. 
yrd week Try" 
r-77q' 796 Bpo 2 What is the grand total for 
4th week titlY 80ý 758 L 817 673 the 
four weeks? 
3 Find the total attendance for each day. 
4 What is the grand total of the daily attendances? 
s Compare dw answers to 2 and t 
If they are not the same, find and correct your error. 
C1 38[ 16 3 537 4 242 
76 _26 -140 
5 X36 7 920 8 530 
36 -806 -418 
9 -704 11 7039 *2 4078 
0 --3524 -2153 
18 888 15 5638 16 6889 
536 3406 Z--M 
17 - 146 19 3205 28 5 GO 
-a1 - 373 -1186 -19 
8 
D 
`- 
took at this set of numbers and 
than subtract 
78tt 1 the smallest from the largest goo 2 the sum of the even numbers from 005 
5076 the sum of the odd numbers 
3 each of the numbers fron 10000. 
®ý 77 7 Wnte a numeral for the number shown in the picture 
2I am tMNrinp of a number One third of the 
numb. sa half of 12. What is the number? 
3 Subtract 1 from 183. 8ý® 
co Write the eorrect ect alpin (- .-", or -) in plae of or in this equation. 
Tan naadr 9+9<1206 
5 What is the sum of 123 and 110? 
6 Wide the Correct sign 1.. or 1 in place of " 
XXXVI 0 XXXIV 
78 7 What is the difference between 120 and 99 ? 
2 There we 23 girls and 14 boys in a recorder group. 
What a the foul number? 
3 Solve this equation : 
18 n 30 
4 What number can we write in place of M? 
30 40603 0-6 0M 
5 For 160 we can write 1 hundred and 6 tens or " tons. 
6 In our school hall there we 12 vases each holding 10 
flowers. How many flowers we there? 
79 1 The lowest number I can write with the digits 7,3 and 
9i. 379. What. c the greatest number I can write with 
theta digit.? 
2 Divide the difference between 5 and 20 by 5. 
3 Solve this quation : 
900 n 909 
4 POW has 9 model cars. II he had 1 more he would 
have beta as many Eic Mow many has e? 
5 David has a tin of mwWes. Out of every three 
marbles one is coloured. There are mne coloured 
marelss. How rrwty marbles has he altogether? 
6925  
By the end of the decade (1979) some 
illustrations have begun to be used but 
these are marginalised with the text 
dominating. Using my method of 
classification the first illustration is 
"Essential" with the remaining two 
illustrations "Decorative". (Griffiths, 
1979: 36) 
These two examples from 1985 and 1990 show an increase in colour and changes in 
the way illustrations are set out on the page. Generally though, the pages remain 
dominated by text and sums with the decorative illustrations a relatively minor feature 
of the page. 
ade. 
35 III::. 44 // +29 //// +27 
_ 
"/// // 
3 35 4 48 5 46 6 35 7 19 
+36 +25 +29 +35 +35 
py and comp sts: W 709 1$ 137 W 410 W 890 
-442 -49 -83 -231 
W 810 Bd f17 W 5Q8 IN 188 
-501 -309 -209 -57 
Subtrw: Id 380 homö47 « 121 Iron 373 
M 806 ham 900 W 797 from SO6 
Find tl» ddthr. ws betwswn : 
Jod SI4 and 286 w va mne " 
MI 86 and 4" w 573 mM 700 
w303 p200 194 -126 
W 612 M 623 
-59 
N 196 from 504 
m 713 ham 949 
W $78 and 79 
0 217 and 400 
e 19 9 58 10 32 11 66 2 27 
+23 +28 + 19 +54 
3 75 14 24 i5 37 16 46 u 52 
+19 +67 +21 + +_¢4 
8 37 w 83 20 61 zi 45 22 67 
+44 +8+9+7+9 
(Heinemann SPMG, 1985: 8) (Ginn, 1990: 9) 
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This ;so wild-life salon pork. 
W TMro ars 748 zebras and 813 a delopn. 
How mony morn antelopes are there Own 
t4Mas7 
NI A Ip 4$ elephants were token awoy to 
another park there wan 406 in the Mrd. 
How monk elephants ore left nowt 
tl4q 
IN Last year Hers were 247 giroMSs. 
This Wow their number has inaewad to 300. 
By how many has Asir number ncreased? 
. 2x4=8 
4 
F" 
F Yý ý 
ýg" 
`4ZP4DIOý 
By the year 2000 illustrations 
and colour now dominate the 
page. In this example each of 
the illustrations is essential. 
(Ginn, 2000: 23) This example 
is the updated version of Ginn 
example from 1990 which 
used a decorative illustration 
but the dominant feature was 
the algorithms. The number of 
questions per page appears to 
have declined in line with the 
increase in illustrations and use 
of*colour. These examples 
clearly indicate the rise over 
time of the illustrations which 
now are a common feature of 
children's mathematical 
experience. 
Primary textbooks, especially mathematics textbooks, have received little critical 
attention (Harries and Sutherland, 2000, Bierhoff, 1996, Santos-Bernard, 1997). 
One area that has received greater attention compared to others is that of the use of 
illustrations in science textbooks. 
Over the past 30 years there has been a huge change in the layout and presentation of 
science textbooks. Most noticeable has been the use of illustrations, particularly 
photographs, presumably in order to make the text more attractive to read and engage 
the interest of pupils (Kempton, 2004). Even so, there is very little research 
investigating the pedagogical role of photographs in school science textbooks. 
Neither the psychology of cognition and learning nor science education research has 
paid much attention to this topic (Pozzer-Ardenghi and Roth, 2004). 
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In 1983, Newton carried out an investigation to see if illustrations affected primary 
school children's comprehension skills in science. Newton cited authors who 
suggested that science material could be comprehended better, if accompanied by 
illustrations. Understanding was tested through cloze procedure and Newton 
concluded that the presence of illustrations does not guarantee that written material 
will be more easily comprehended. Complex factors, such as the relationship between 
the style of illustration, illustration density, and the degree of integration between the 
illustration and the text, also needed to be considered. The results also indicated a sex 
bias in that boys seemed to be benefiting more from the presence of illustrations as an 
aid to comprehension than girls (Newton, 1983). 
Newton concluded that when the material being read was approximately matched to 
the reading ability of the readers, boys were able to use the illustrations to improve 
their comprehension ability, thus reducing or eliminating the difference in 
performance between themselves and girls. However, when the readability level of 
the material was higher than the general reading level of the readers, the girls appear 
to be using the illustrations more than the boys as an aid to comprehension. (Newton, 
1983). 
Using cloze procedure to assess comprehension may have created some extra 
problems as it does confine children to a limited set of possible answers and the 
method they choose to select answers is not always based on their comprehension of 
the question. From my own experience I have observed children measuring the space 
available for the answer in order to match a word of similar length, or selecting words 
in alphabetical order or the order in which they appear on the page so that 
comprehension is not necessarily the only strategy. Newton also reported that she 
assessed the readability of the selected texts (each about 200 words long) and then 
deleted every tenth word. The children were then asked to input an appropriate word 
although it is not stated if children had access to a list of suitable words. The issue I 
would raise concerning this technique is that by removing every tenth word, the effect 
of the deleted words upon the sentence could be very varied depending on the type of 
word removed. Small connective words may have little impact if removed but 
technical language of the subject may have a larger impact on sentence meaning. As 
such, the reliability of the varied texts could be compromised. The effect of 
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illustrations was found to improve the comprehension score by more than 10 per cent 
in one case, although the effect was not uniform. It would seem that the presence of 
illustrations is not always adequate for improvement of the comprehension of textual 
material. In addition, if children draw the wrong conclusion from an illustration this 
can actively prevent them from thinking or understanding a concept correctly. 
Kempton, (2004) recognised that science teachers can greatly increase pupil 
involvement and understanding by using more visual stimuli in texts. However, the 
`reading' of pictorial representations is not at all trivial or straightforward, particularly 
when the representations are of conceptually difficult ideas. Stylianidou, (2002) 
suggested that more attention needed to be paid to the construction of images, if they 
are to function more effectively. Pupils have to work to understand the images, 
notwithstanding the common view that images yield their meaning directly and 
simply. Pozzer-Ardenghi and Roth, (2004) investigated the role of photographs in 
science textbooks and concluded that it was "the reader's work of reading, the 
viewer's perception of the narrative and perceptual order of the photographic image 
and the surrounding text, and the meaning-making resources available to the reader 
that allows a specific interpretation of a photograph to arise " (Pozzer-Ardenghi and 
Roth, 2004: 220). 
Lemke, (2002) also recognised that every image takes an orientational stance which 
positions the viewer in relation to the scene, (intimate, distant; superior, subordinate) 
and establishes some sort of evaluative orientations of the producer/interpreter toward 
the scene itself (tragic, comic, normal, surprising) and does so against the background 
of other possible viewpoints and depictions of similar scenes. Therefore, pictures, 
diagrams and icons can illustrate ideas and processes but they require effort to 
interpret in order to aid thinking. 
This implies that when meaning is not explicit not all children will grasp the intended 
meaning to its fullest extent. When students read textbooks, the way in which they 
interpret illustrations will greatly influence their understanding of the concept 
presented by the textbook. It is the interaction of all semiotic resources presented in 
the textbook, together with the illustrations, that make it possible for readers to 
interpret and understand what they are reading. Yet as Campbell suggested, children 
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generally obtain less information from pictures than adults, (Campbell, 1981). Work 
conducted by Stylianidou, (2002) which used illustrative diagrams as well as a 
picture composed of many different vehicles to show movement, identified that most 
of the children in the study did not appear to understand the picture primarily as a 
conceptual structure and that only a few children appeared to interpret the picture as 
carrying both narrative and conceptual meaning. 
These ideas imply that when children interpret an illustration there are a number of 
factors which influence their understanding of it. Firstly there is the possibility that 
required information in the illustration will not be recognised by the child. Secondly, 
that the information they do gain from the illustration, if not made explicit by the 
illustrator, will in all likelihood, be misinterpreted. It may also be that the illustrator's 
view of what is explicit may be different from the child's. This is highly likely to 
result in a misinterpretation of the entire concept in question. 
Less information read + misinterpretation of implied information = misconception. 
Occasional pieces of research have focused upon illustrations in mathematics 
textbooks. Bierhoff (1996) compared textbooks from England with those from 
Germany and Switzerland. The books were aimed at 8 year olds and involved the 
teaching of arithmetic particularly the move from working with numbers up to 20 
which can be done on the fingers or with counters, to working with larger two-digit 
numbers. She found that textbooks play an important role in teachers' lesson 
planning and particularly in the approaches and methodologies teachers adopt, thus 
having a profound influence on teaching, and consequently on pupils' learning. 
Bierhoff found that the most common use of the 100 square in English textbooks was 
for pattern identification and colouring patterns, (i. e. groups of fives) which made it 
difficult to see how patterns of this kind contributed significantly to pupils' 
conceptualisation of number. As well as lacking a complete overview of the number 
system, the illustrations in the textbooks she chose did not necessarily match the 
accompanying exercises. English textbooks provided few ordinal orientation 
exercises of any sophistication which children were expected to solve without the aid 
of visual aids. For example the sum 4+5= would be illustrated as 4 objects +5 
objects. In contrast, the continental textbooks at this stage provide overview 
illustrations of all numbers from 1 to 100 in two ways; in linear form and in squares 
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with rows of 10. Exercises were suggested which encouraged pupils to use these 
illustrations, such as finding strings of numbers, and as visual aids for calculating 
operations. 
In her PhD thesis, which focused upon children's use of mathematical illustrations, 
Santos-Bernard (1997) interviewed seventy-eight 7-8 year old Mexican children 
whilst they were answering three arithmetic questions to see how they used and read 
the illustrations. Teachers were also asked to predict their pupil's success rate with the 
questions. She also studied two hundred and eight, 12-13 year old English students 
worked with talking head illustrations (cartoon type characters with a speech bubble) 
to see if children preferred to work with a worksheet with `talking heads' or without. 
In the Mexican study, the students who were considered to be low and medium 
achievers in mathematics by their teachers tended to consider the illustration as an 
accurate representation of reality and did not give the answer the teacher expected. 
Very few of these students extracted information from both sources (written and 
illustrative) simultaneously, even when this was necessary in order to reach the 
answer expected by the teachers. However, some of these children realised that the 
illustrations were only an approximation of reality and used them as such. 
Consequently, students were not giving the expected answers because of their use of 
illustrations but their teachers were scarcely aware of this problem. The results of 
Santos-Bernard's research imply that it is not obvious that low and medium achievers 
in mathematics acknowledge the difference between a cosmetic and a relevant 
illustration and as a result their mathematical success is compromised. 
The conclusion from her interviews implies that; 
"the structure of each arithmetic question prompts students either to use the 
illustration or to disregard it.... the fact that some questions had no numbers 
or only one in the structure, confused some of the children. They explained 
that, due to the absence of two numbers which they could combine, they had 
to use the information in the illustration only. Other students explained that 
a question with no numbers or only one, could not be considered a question 
as such, that it was a mere statement. Sometimes they would disregard all 
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the information given and answer the question based on their own 
experience. " (Santos-Bernard, 1997: 215). 
Work conducted by Harries and Sutherland (2000) compared English mathematic 
textbooks with international examples. Part of their consideration when looking at 
textbooks related to the nature of the images with which pupils engage as they read 
the text; this included pictures, diagrams and symbols; the ways in which pupils are 
introduced to links between mathematical concepts and the role of images in this 
respect. English pupils were found to have to cope with more distractions in the form 
of pictorial decoration and were introduced to a wider range of mathematical ideas at 
an earlier age than pupils in the other countries studied, but they are also expected to 
move more rapidly from the use of diagrams and pictures to the use of more abstract 
representation. Text from Singapore identified that word problems were used with 
diagrams representing a pictorial version of the word problem or linking the 
diagram/illustration to the symbolic notation, whereas in the English text illustrations 
often bore no relation to the symbolic representation. In the French textbook 
diagrams were used extensively throughout the texts to help pupils move between 
standard algorithms and representations which have been introduced for pedagogic 
purposes. 
A concluding point from Harries and Sutherland's study was that "A strength of the 
Singapore, Hungarian and French texts is the use and consistency of use of 
appropriate representations.... The French texts also make extensive use of diagrams 
which are aimed at supporting pupils to make links between representations which 
are introduced for pedagogic purposes and more standard representations which are 
used by citizens outside school. These diagrams also provide a form of explanation 
which is almost entirely missing from the English texts. " (Harries and Sutherland, 
2000: 63) 
Santos-Bernard cited research conducted by Evans, Watson and Willows, (1987) into 
the reasons why publishers have begun to introduce far more illustrations into 
textbooks. The main findings were to: 
f dress up the books 
f assist the author to `spin the magic' 
f provide resting points 
f support the text. 
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The designer and editor were found to have decided the rhythm, size, place and design 
of illustrations. Authors said roughly what the illustrations should contain but rarely 
met with illustrators. Decisions made by editors, publishers and designers were not 
supported by evidence from research into textbook design. The majority of people 
interviewed assumed that the author and editor had some knowledge of research 
findings on the subject, which in the vast majority of cases was not true. Trial and 
error, experience, personal intuition and what had sold well previously, played major 
roles in the decision to include illustrations. Undeniably the quality of pictures, 
graphs and drawings, has greatly improved in the last decade. What has not been 
made clear though, is the effect of these improved illustrations has had on the 
mathematics they are intended to support. 
Motivational Role 
Pictures stimulate 
or maintain the 
reader's interest. 
Interpretation 
Interpret the text and then 
translate the information 
into a more comprehensible 
form. 
Retrieval Function 
Pictures activate a 
mental model 
already possessed 
by the reader. 
Representational Role 
Pictures make concrete 
what is said in words. 
Eight Reasons for 
Having Pictures 
in Prose. 
(Newton, 1995: 120) 
Reiteration 
In which pictures repeat 
the information presented 
in words. 
Organise information 
Place together things that are 
physically or conceptually linked. 
A construction function when 
pictures help the reader construct a 
mental model 
Diagram 5 Eight reasons for having pictures in prose 
Stimulate Affective 
Responses 
Stimulate enjoyment, 
emotions and attitudes. 
Support cognition by 
supplementing 
information 
A Decorative 
Role. 
To make the book 
look good. 
As with many other aspects of education, what appears in a mathematics textbook 
does not arise by chance. It is influenced by the multifaceted aspects of an education 
culture as illustrated in Diagram 5. The ways in which textbook writers view the 
teaching and learning of mathematics will influence how they present mathematics on 
a textbook page. Unlike some other countries, English schools, whilst being subject 
to a state controlled curriculum, are not required to use specific textbooks. This free 
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market has led to publishers competing for business within individual schools. In 
other countries mathematics textbooks are regarded as key elements of teaching and 
learning yet in England, books are not prioritized as a learning resource but 
increasingly viewed as an old-fashioned source of information. "In England, primary 
mathematics textbooks have received very little critical attention. The dominant view 
is that they provoke a routine approach to teaching and learning and are likely to be 
used by teachers to abdicate their responsibility to prepare and teach lessons" 
(Harries and Sutherland, 2000: 51). When examining the reasons for textbook choice 
amongst teachers Bierhoff (1996) found that the criteria by which English teachers 
most frequently assess the suitability of a commercial mathematics scheme for their 
own school include, among others, the coverage of the National Curriculum, 
suggestions for `stimulating activities and investigations', the number of consolidation 
exercises and the extent to which mathematics is presented as a `fun subject'. 
Expectations of a mathematics textbook have multiplied in recent decades; a 
mathematics curriculum, child appeal, their ability to cope with the individual, 
administrative flexibility and even the encouragement of different teaching styles. 
"Traditionally, they were no more than a permanent collection of suitable problems to 
support teaching. In their modern role, the function of primary mathematics 
textbooks has expanded to include attempts to: 
O Help teachers respond to the mathematical requirements of society; 
f Remedy and prevent weaknesses in children's levels of mathematical 
attainment; 
f Provide a structured and sequential development of mathematics; 
f Develop motivation through presentation and learning through understanding". 
(Gray, 1992: 122) 
When working with initial teacher training students, many, when invited to consider 
an appropriate textbook to support their teaching, focus on visual appeal. Criteria 
such as the need to be `visually attractive', to have a `child-centred approach' and to 
`be accessible to children' seem to precede mathematical considerations. Words such 
as `attractive', `lively' and `fun' permeated students' evaluations of textbooks, words 
repeated by those who attempt to describe the qualities of the texts they promote 
(Bierhoff, 1996). 
Reports by the inspectorate suggest that in many primary schools mathematics is 
learned predominantly by pupils working independently from text books. This 
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suggests that textbooks play an important role in influencing the ways in which 
English primary teachers think about teaching and learning mathematics. In the Ginn 
2005 catalogue advertising the Ginn Abacus mathematics scheme, the first point 
identified for the Key Stage 2 textbooks is "brightly illustrated textbooks provide 
independent practice of specific skills"(Ginn, 2005: 3 1). The text also mentions 
minimal reading for the child. This stance on minimal reading reinforces the popular 
belief that when teaching children who have difficulties in learning mathematics, 
attractive illustrations make the task easier. The New Heinemann Maths is also 
promoted as "Inspiring and highly visual pupil materials that are sure to keep all your 
children on task" (Heinemann, 2004: 7). Yet as Harries and Sutherland have pointed 
out "colour in textbooks can be used for a range of purposes which includes 
decoration, illustration, organization and mathematical analysis. In the textbooks 
from England and the USA colour is almost entirely decorative, and in the case of the 
English text it often dominates the texts and distracts from the mathematics" (Harries 
and Sutherland, 2000: 64). As texts become more graphic the question of whose 
reality is being displayed may also be brought into question - the child's or the 
textbook writer and illustrator. Certainly in the past a middle class view dominated 
textbook illustrations (Gray, 1992). However as modern textbooks are expected to 
reflect our cultural and social requirements, representing our multi-cultural and 
diverse society, the consensus of what is "normal" is lost and children will have to 
use greater skills in reading illustrations than has otherwise been the case. 
As we live in a visual world, and as existing research suggests, pictures are supposed 
to make significant contributions to textbooks because of their potential for improving 
students' retention of associated text. Children have been found to like to relate to a 
picture in front of them when answering questions (Kempton, 2004, Santos-Bernard, 
1997). On the one hand, teachers and curriculum designers believe that images have a 
lot of potential as meaning-making resources, captured in the popular adage that a 
picture is worth ten thousand words; yet in everyday classroom life, images are often 
used as adjuncts that merely serve as decoration. Nevertheless, whilst students have 
been shown to prefer textbooks that contain illustrations when attempting to learn 
from textbooks, paradoxically, stronger readers appear to pay only scant attention to 
the pictorial information (Filippatou and Pumfrey, 1996). Decorative photographs, 
without captions, proved to generate greater difficulty in linking the photograph and 
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its associated text, as this association became subjective when explicit links are 
missing (Pozzer-Ardenghi and Roth, 2004). With minimal text for children to read, 
it may be hardly surprising that children will be encouraged to use illustrations in an 
attempt to gain conceptual understanding. In order to be successful, children also need 
the ability to interpret diagrammatic information and infer meaning. If children are to 
be successful and learn to accept discrepancies between pictures and reality this has to 
be learnt alongside other comprehension strategies. 
2.7 - The effect of cognitive and learning styles on the way that 
representations are interpreted. 
This aspect has been included in this research as a result of two experiences. The first 
is because in the pilot study it was apparent that a number of children would either 
draw on the illustration or draw their own illustration to help with their calculations. 
A secondary reason for including this area is because as a teacher I have been aware 
of the rise in importance that learning styles have been given within the primary 
school. Irrespective of the curriculum area, inset training has inevitably included an 
element of the importance of learning styles and that these should be accommodated 
within the classroom. Colleagues have also reported being asked questions by Ofsted 
inspectors concerning the provision for children with different learning styles. 
The area of cognitive and learning styles has been a major source of research over 
recent years and has resulted in a great deal of misconception about the topic. In 
order to ameliorate this, work by Desmedt and Valcke, (2004) provided a road map 
for those entering the field to help recognise the main players. Concern had been 
expressed about the selective nature of reviews and indicated little information "about 
the scientific impact of the different learning and cognitive style conceptions". Using 
citation rate and citation links analysis it was found that a small cluster of authors 
have a high impact on the field with a strong relationship in their work between 
learning and cognitive styles. 
Designers of learning materials often make the assumption that students learn in a 
similar manner. During the later part of the twentieth century this approach began to 
be questioned by psychologists. In the 1990's, Riding argued that this universal 
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approach ignored the important issue of individual differences in learning style and 
cognitive style. Sadler -Smith, (2000) defines cognitive style using Messick's 
definition as consistent, individual differences in preferred ways of organising and 
processing information and experience. Kolb (Sadler-Smith, 2000) defined learning 
style as a four-stage process consisting of 
" concrete experience 
" observation and reflection 
" formation of abstract concepts 
" generalisations and the testing of the implications of these concepts in new 
situations 
An individual's cognitive style appears to be an inbuilt core characteristic, whereas 
learning styles are seen as strategies which can be learned and are ways of adapting 
the learning materials or methods to enable an individual to deal with it as effectively 
as possible. 
Curry's 1983 model (Diagram 6) is widely cited as describing the relationship 
between cognitive and learning styles using the simile of progressively deepening 
layers of an onion. "Cognitive personality style is the innermost layer of the onion, 
which relates to more fundamental and internal cognitive processes, less modifiable 
via instruction. The next layer of information processing style relates to how an 
individual prefers to process information from external stimuli. These are relatively 
stable, but yet still modifiable. They are influenced by the inner layer of cognitive 
personality style and in turn influence the outer layer of instructional preference. 
Instructional preference characterises the environment in which the student prefers to 
learn. This is influenced by the former two layers but is the least stable of the traits. " 
(Price, 2004: 681) 
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Instructional preference 
Information processing style. 
Cognitive 
personality 
style 
Diagram 6 Curry's layering effect of cognitive and learning styles. 
The cognitive personality style is therefore a dominant influence in the capacity of 
students to organise and process information which would have a direct influence on a 
student's ability to tackle the different types of mathematics problems produced in 
this study. Riding has defined cognitive styles into two fundamental style dimensions 
- wholist-analytic and verbal-imagery, which affect the way in which people think 
about, view and respond to information and situations. This implies that if there is a 
mismatch between cognitive style and the material being studied, a reduction in 
performance can be expected. The wholist-analytic dimension concerns whether an 
individual organises information in wholes or in parts. The verbal-imagery dimension 
concerns whether an individual represents information during thinking verbally or in 
mental pictures. 
2.7.1 - Wholist-analytic style 
Riding, (2002) describes wholists as tending to see a situation as a whole, and are able 
to have an overall perspective and an appreciation of the total context. In contrast, 
analytics will see a situation as a collection of parts, focusing on one or two aspects of 
the situation at a time to the exclusion of the others. As the parts are not separated, the 
wholist can see a situation in the overall context. However they are at risk of being 
unable to separate and distinguish the individual issues that make up the whole 
situation. 
Those individuals who tend towards an analytic style have a predisposition to focus 
on just one aspect of the whole at a time and this may have the effect of distorting or 
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exaggerating it, making it more prominent with respect to the rest. Whilst they may 
be good at seeing similarities and detecting differences, the negative aspect is that 
they have difficulty obtaining a balanced view and by focusing on one aspect they are 
prone to enlarging it out of its proper proportion. 
In respect of organising the information in the mathematics illustrations, this might 
suggest that wholists, seeing the whole of the illustration, may have difficulty 
identifying those aspects which have particular reference to the question. In contrast, 
the analytic may focus on one aspect, which may or may not have a direct relevance 
to the mathematics, and inflate its relevance. These differing styles are important 
because in order to make teaching more effective there needs to be a match between 
the characteristics of the learner and the content or method of instruction. Equally we 
may be trying to shift the learner's style in which case an understanding of their 
preferred style is needed in order to support learners to respond to an alternative view. 
2.7.2 - Verbal-imagery style 
In this dimension people may be categorised into three types: verbalisers, bimodals or 
imagers. Verbalisers consider information they read, see or listen to in words or 
verbal associations. Imagers read, listen to or consider information they experience as 
mental pictures either of representations of the information itself or of associations 
with it. Bimodals exhibit no overall preference for either type and tend to use either 
mode of representation when appropriate. 
A practical implication is that verbalisers may learn better by reading text and imagers 
by looking at pictures. Therefore verbalisers may rely on the text of a mathematics 
problem whereas an imager will rely on interpreting the picture. 
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Riding proposed a method of plotting a particular person's style by plotting the two 
dimensions on a grid. 
Diagram 7 Relationship model between verbal-imagery styles 
Although Riding has been something of a pioneer in the field of cognitive styles 
others have also been active. This has resulted in a lack of any consensus on the use 
of terminology making comparisons difficult in a complex and confusing discipline 
where competing vocabularies, with overlapping categories are all vying for attention. 
Hayes and Allinson (in Riding and Sadler-Smith, 1997) identified twenty-two 
different labels including leveller-sharpener, field-dependent-independent and 
serialist-holist amongst many others. 
One of the criticisms of Riding's work has centred upon his Cognitive Styles Analysis 
(CSA) test. The CSA is currently the most frequently used computerised measure of 
cognitive style in the UK and is also popular in other European universities 
(Peterson, Deary and Austin, 2004). This computer administered test relies on the 
participants' reaction time to identify dominant cognitive style. The theory being that 
the more dominant the style, the quicker a respondent will react to information 
presented in a particular format. Peterson, Deary and Austin, (2002), examined 
research conducted on the validity of the test and found that none had focused on the 
stability and internal consistency. Using fourteen males and thirty-six female 
undergraduate psychology students they created two computer programmes to 
present, control and record the temporal parameters of the two tasks. Task one was a 
replica of Riding's test except that at the end of the test no summary of the results was 
presented to the student whilst task two was a parallel version of Riding's test 
complete with a detailed summary of the results. Participants completed both tests 
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twice, with the second sitting approximately a week later. The conclusion drawn was 
that the tests in their current format were not "stable or internally consistent measures 
of cognitive style preference" ( Peterson et al, 2002: 887). Further research conducted 
by Peterson et al. built upon the earlier work by putting forward suggestions for 
improvement of the CSA questions. This later work resulted in greater reliability of 
the test, especially in the area of verbal-imagery. Coffield et al. (2004) concluded that 
the low reliability and validity of learning style instruments strongly suggested that 
they should not be used in education or business. 
Coffield et al (2004) have opened up the debate concerning the legitimacy of the 
learning style issue but acknowledges that "a thriving commercial industry has also 
been built to offer advice to teachers, tutors and managers on learning styles, and 
much of it consists of inflated claims and sweeping conclusions which go beyond the 
current knowledge base and the specific recommendations of particular theorists " 
(Coffield et al., 2004: 36). Their article makes a scathing attack upon the issue of 
learning styles and its place in the education system. However, from a teacher 
perspective there seems to be an acceptance by Ofsted inspectors and Local Education 
Authority Advisors that such a phenomenon exists and that to disregard a child's 
learning style in lesson planning or presentation could be considered as professional 
incompetence. I was interested to discover whether learning styles could be seen to 
play a part in understanding mathematics problems but in order to do this I had to use 
a recognised assessment tool, despite Coffield's caveat as to whether any tools were 
really appropriate. 
One of the most well known criteria for defining learning styles is the VARK system 
originated by Fleming and Bonwell. VARK is an acronym for the main learning 
preferences within Fleming and Bonwell's system, standing for Visual (seeing), Aural 
(hearing), Read/Write (the written word) and Kinesthetic (doing) respectively. It is 
administered by using a short questionnaire (either as a computer or paper version) 
and provides feedback in the form of scores which indicate a person's relative 
preference for methods of receiving and providing information within the range of the 
VARK system. Being short and easy to administer and score it is used extensively, 
however, care must be taken not to read too much into the results. Those taking the 
test are making subjective judgements about themselves which may affect the 
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reliability of the test and in doing so question the validity of the system. It is 
important, for instance, to realise that most people do not have a preference for just 
one style and a complete absence of preference for any other style. Most people are 
multi-modal to a greater or lesser extent. However this can also change with life 
experience which can be further complicated by other factors that may not be under 
the control of the teacher or indeed, the learner. In addition, most learning style 
questionnaires are aimed at graduate students or those in business, so finding an 
appropriate test was not easy. The most obviously relevant was the VARK 
questionnaire designed by Debra Jones (no date, see web site) of California, for young 
people, aimed at High School students. 
The jungle of cognitive and learning styles is clouded further for the researcher of 
lower junior aged children as little of the work conducted relates to that age group. 
Many of the studies used in the development of cognitive and learning style analysis 
have used older participants such as undergraduate students. In 1999, Riding and 
Grimley assessed the cognitive style of 11 year olds, but their conclusion indicated a 
number of variables that may have affected the results, including the use of 
multimedia materials and gender. Despite all this research literature it is unclear if 
these styles are domain specific. It also seems to be unknown when the layers of the 
onion described by Curry (1983) develop and become fixed to form a definite style. 
Does age or experience help to define the style formation? It is difficult to know how 
fixed young children's learning styles may be at this age. If children are in the process 
of developing a preferred or dominant style this may be another factor influencing the 
performance of individual children when solving mathematics problems making it 
difficult to assess the influence of cognitive or learning style in the current study. 
Since illustrations are a visual medium then those children who react more favourably 
to visual images may be advantaged or disadvantaged, depending on the illustration, 
when solving mathematical questions. I hoped to be able to throw some light on these 
issues. 
2.8 - Summary 
Problem solving is seen as an important area of mathematics in which (among other 
things) children are expected to demonstrate their application of mathematic skills. In 
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order to help children to become successful problem solvers, teachers are encouraged 
to teach problem solving techniques but this can lead to children developing a 
procedural approach to problem solving rather than a skill base that is applicable to a 
wider range of situations. Within the whole gamut of problem solving, word 
problems are seen as forging the link between mathematics and reality by providing 
the opportunity for children to experience basic mathematical modelling. Reality 
within the school based context tends to be suspended, and those children who are 
successful can rely on their procedural knowledge where the word problems use 
familiar formats. In unfamiliar contexts, this procedural knowledge is not always a 
transferable skill which leads to success. Unsuccessful problems solvers have also 
been shown to focus on the unhelpful aspects of the word problem. This leads to 
weaknesses in their ability to decontextualise the problem and subsequently 
recontextualise it into a mathematical form. 
Classification systems used by other researchers have proved to be too broad to be of 
use in the classification of illustrations to be used in this study. All the intended 
illustrations would fall into one or two types therefore there has been a need to 
develop my own classification of the illustrations further, drawing mainly on my pilot 
work and reflection on the items to be employed. 
Illustrations are another line of communication and reading illustrations is a complex 
act which can evoke different levels of responses. The relationship between the 
illustration and what they depict generates an emotive response and some children are 
unable to filter out extraneous stimuli or information. Therefore, being able to read 
illustrations is something children need to learn as much as being able to read text. 
Children who are considered poorer readers are more susceptible to the influence of 
illustrations in their comprehension of a text than their more competent reading peers. 
Yet these will often be the children that are given texts with greater levels of 
illustrations in order to support and motivate them. 
There has been an increase in the number and classification of illustrations used in 
textbooks over the recent years and English textbooks contain more distracters than 
those from other countries. Authors and illustrators rarely meet and in a competitive 
market the `fun factor' of a textbook appears to be an important influence when 
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teachers select textbooks to use with children. Although the illustrator may intend to 
provide an accurate representation of reality, if the meaning of the illustration is not 
adequately explicit not all children will grasp the intended meaning. 
Cognitive and learning styles have been seen to be the modes through which people 
can organise and process information. Those who work with a wholist style will see 
the whole of a picture or situation and in doing so may be unable to identify the finer 
detail. On the other hand, someone who favours the analytic style is able to focus on 
component parts but has difficulty understanding the whole picture. As well as these 
two aspects there is also that of if someone is able to organise and process 
information better from either reading, images, being told or by doing something 
kinaesthetically. A plausible assumption may be that those with an imager style 
would be at a greater advantage that those who tend to learn best from a kinaesthetic 
style given the type of word problems the children will be presented with in this 
study. The academic debate on learning styles is still active despite the large 
commercial industry, especially in education, that has developed as a result of the 
research. There are questions about the validity of the research, whether the testing is 
suitable for an educational setting, and when and if children do develop a preferred 
learning style as many people have been shown to be multimodal, being influenced by 
more than one style. 
2.9 - Research Questions 
In the light of my pilot and the literature review I decided finally to focus the research 
on the following questions: 
1. How important are illustrations in children's understanding of mathematical 
problems? 
2. What is the significance of a child's reading and mathematical ability upon 
their use of illustrations to comprehend question meaning? 
3. Does a child's cognitive and learning style influence their success in decoding 
illustrated mathematical material? 
I turn now to discuss my research design and methods. 
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Chapter 3- Methodology 
3.1 - Introduction 
This chapter aims to inform the reader how the research took place and the 
accompanying problems that arose, associated not only with the chosen methods but 
with the practicalities of carrying out the research process. The research consisted of 
the following components: 
1. An assessment of the effect of illustrations on mathematics problem-solving 
strategies. 
2. An investigation into the effect reading ability has on mathematical problem 
solving. 
3. Small focus groups involving in-depth examination of mathematics problem 
solving. 
4. Two questionnaires ascertaining children's attitudes to mathematics word 
problems. 
5. A survey to establish the most common mathematics textbooks in use in 
Primary schools 
Component 1 is the main area of research with the other 4 components each providing 
evidence to support component 1. The relationship between all these components is 
shown in the following diagram. 
2. The effect 3. Small 
of reading focus groups 
ability 
1. The effect of 
illustrations on 
mathematics 
problem-solving 
strategies. 
5. Textbook I 4. Questionnaires 
investigation 
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3.1.1 - The Main Investigation 
The aim of this investigation was to find out whether school pupils' approaches to 
solving mathematical word problems changed depending on the illustrations that 
accompanied the problems. Three schools with which I had regular contact were 
selected and after obtaining the head teacher's permission in each case to carry out 
research in their school each one was provided with a set of question booklets 
containing mathematical word problems. Although the questions were the same in all 
cases, they differed in the illustrations used. The categories of illustrations used 
were: 
o Essential - an element of the question was represented by the illustration and 
nowhere else in the text. 
o Decorative - there was no useful information in the illustration - it merely served 
to fill the page. 
o Negative decorative - the illustration displayed something that was in the text, 
but in an exaggerated form - for instance the question mentions 4 items but the 
picture shows 20 items. 
o Related - the illustration shows items in the same quantity as described in the text 
o No illustration - text only with no illustration shown 
The data arising from the different questions in differing formats were analysed in 
order to find out whether there was a "best" way of presenting mathematical word 
problems and also whether there were any disadvantages to presenting the 
information in specific ways. 
3.1.2 - The Effect of Reading Ability 
In this part of the research the reading ability of the children was taken into account 
and comparisons made between poor and good readers. The premise for this part of 
the investigation is that although the mathematics questions were illustrated they were 
largely text based, therefore better readers should be more able to discern the 
underlying mathematical operations and data from the question than poorer readers, 
all other things being equal. 
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3.1.3 - The Value of Establishing Learning Styles In Young 
Children 
The concept of learning styles still has strong currency within the sphere of LEA 
advisors and Ofsted inspectors although current education research has raised a great 
deal of doubt over the concept and the instruments used. In theory though, if learning 
styles are determinable for young children and only then if the learning styles are such 
as to be relevant to decoding or relating to illustrations, then some children would 
benefit more from using illustrated mathematical problems than others. An 
instrument was therefore used to determine the learning styles of the children in the 
sample, and a comparison made between their results to determine whether the 
learning style had any effect on their ability to solve mathematical word problems. 
3.1.4 - Small Focus Groups 
Since young children are complex individuals, rather than just using the data from the 
larger scale investigation I carried out some small group discussions working through 
the answers children had given to some of the mathematical word problems in an 
attempt to find out how these children approached the question and which parts they 
found easy or confusing. 
3.1.5 - Questionnaires 
Two different questionnaires were used. The first was devised to augment the focus 
groups and to find out what children felt about the questions they had been asked to 
attempt - whether they were easy or hard, which ones they liked best or least and 
which question they felt would be best for a colleague who found mathematics 
difficult to attempt. The second asked children who had not taken part in the main 
investigation to comment on the Challenge booklet questions in their various forms 
and decide which form they would find most helpful in answering the questions. 
3.1.6 - Textbook Investigation 
Any research involving current classroom practice has to be related directly to what 
goes on in the classroom, not only in my school, but in other similar schools. Since 
the main focus of the research was the use of illustrations it seemed important to 
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examine the most widely used mathematics textbooks in order to see how they were 
illustrated and determine whether the forms of illustration they used either aided or 
hindered the pupils in their mathematical work. 
3.2 - Research methodologies 
The research used a number of instruments to ensure that there would be a range of 
quantitative and qualitative data that might triangulate and support evidence from the 
different sources. As can be seen from Table 8, the greater part of the evidence came 
from the Challenge question booklet which was used by pupils in all three schools. 
Using data from this booklet I was subsequently able to produce sub groups for the 
reading ability comparison and the VARK (Learning Styles) study following the 
VARK questionnaire. The children who took part in the textbook focus work and 
interviews were members of the Challenge booklet group from one school. 
Number of Number of Number of Number of Number of 
children who children children children children 
completed involved in involved in involved in involved in 
Challenge alternative textbook focus Reading VARK study 
question question study work and ability 
booklet and interviews comparison 
questionnaire 
School A 79 0 0 45 32 
School B 21 0 0 14 21 
School C 28 26 9 14 28 
Total 128 26 9 73 81 
Table 8 Breakdown of pupil numbers by school 
I had intended that I would follow up and interview children in all three schools once 
I had done some basic analysis of the Challenge booklet. Unfortunately, due to 
circumstances in my own school I was unable to do this. I was concerned that only 
being able to interview children I knew well and who might be influenced by the fact 
that I was their class teacher may have skewed the results obtained but it was not clear 
whether this would have a positive or a negative effect. On the one hand I might get 
more information from them, but on the other they might have provided the answers 
they thought I wanted to hear. 
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3.3 - Participant selection 
The children taking part in the project were taken from three primary schools. The 
schools were largely self selecting via my current or previous links. One was my 
current school, another a school I had recently left and the final one being the school 
in which my sister teaches. Despite being in three different Local Education 
Authorities, the socio-economic catchment areas were very similar, each containing a 
mixture of children from professional and farming households. In two schools pupil 
numbers were smaller than the average whilst the third was larger than the average, 
being situated on the edge of a market town. Having children from very similar 
schools meant that a cross section of socio-economic classes was not a major feature 
of the study as there were no children from very poor socio-economic backgrounds. 
Obviously, social background still matters, even if you don't have a whole range, but 
if an obvious socio-economic contrast had occurred it may have added another aspect 
to the project, moving the focus to one where social background was of more 
relevance. 
It was an advantage that I had direct contact with the schools involved because there 
were few opportunities for me to visit the other schools given my full-time teaching 
commitments. I was therefore reliant for data collection on the teachers in the schools 
I had chosen but because I knew them personally I was confident that they would 
follow my guidance precisely. This was an issue because it was important that all the 
subjects involved were treated as equally as possible and that pupils would not be 
given extra help or particular pupils excluded depending on the teacher's whim. 
Such is the current pressure of Standardised testing in years 2 and 6, that the focus on 
educational development in English schools has become centred around these years 
with many government initiatives specifically designed to improve grades in these 
year groups. As a consequence, educational development in years 3 and 4 has been 
left somewhat in the wilderness, and seemingly of less importance. The study took 
place when the children were at the end of Year 3. It was correctly assumed that these 
children had, through three years at school, developed their basic arithmetical skills of 
addition, subtraction, multiplication and division. It also allowed time for the 
supposed dip in children's progress that occurs at the beginning of year 3 to level out 
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and for subsequent progress to be made. I have observed, in my own teaching, that a 
great deal of development takes place in these years and have always had a personal 
interest in this year group which is one reason why I decided to focus on Year 3 in 
this study. A more practical and over-riding consideration was that my own class at 
that time contained Year 3 children. 
Children who had been identified as being on the Special Educational Needs (SEN) 
register for educational reasons beyond that of School Action Plus were excluded 
from taking part in the study. I was of the opinion that the work the children were to 
attempt was likely to have been too difficult for low ability children and may have 
distressed them. 
3.3.1 - SATs 
As the study was conducted during the summer term, all the children involved had 
recently completed the Optional Statutory Tests for Year 3. This provided a measure 
of their current educational achievement. I was aware from information given at Inset 
training, that a third of all statutory Year 6 tests can give a false indication of the 
child's level, due to over or under performance on that day on those specific tasks. It 
therefore seemed likely that the Optional tests for Year 3 would be similarly flawed 
and would only give an estimated level of their current ability. In consultation with 
the teachers involved, I had investigated the use of other test measures which may 
have given a more accurate level of a child's reading and mathematics ability. 
However, no two schools were using the same two tests. In reading, one school was 
using the Salford reading test, another an NFER test and the third was using the Neale 
Analysis of Reading Ability. A similar picture emerged with mathematics with one 
school using a home made version of the one minute test, another the Young's 
assessment and the third was using NFER Progress in Maths. Each of these different 
tests for reading and mathematics can be considered to be more reliable on an 
individual basis than SATs, but there was no evidence to suggest that their scores and 
conclusions about a child's ability, whether in terms of standardised scores or reading 
or mathematics age were comparable. Not wishing to overload teachers or children 
with more tests than necessary I opted to use the information from the optional SATs 
along with individual teacher assessment. 
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One of the difficulties with using optional SATs levels is the arbitrary way in which 
one mark can make the difference between a child being awarded one level from 
another. Tennent et. al. (2006) investigated the way the differences in 11 year old 
children's inference ability varied for those children who had been awarded a Level 4 
in the end of Key Stage 2 Reading SATs. Level 4 is the expected level of the average 
child at the end of Key Stage 2. It was noted how many children who were awarded a 
low level 4 had poor inference skills, similar to those children one would expect from 
a child being awarded a high Level 3. It is this area between the top end of one level 
and the lower end of the next level where inconsistencies can occur when a 
generalised national Curriculum Level such as Level 3 or 4 is used. The advantage 
of the A, B, and C sub level system, where A is the highest level and C the lowest, is 
the wide range of skills and understanding that may be achieved within one particular 
National Curriculum level, can be subdivided to take into account this wide range of 
attainment that can be seen within one level. There may well be some inconsistencies 
between those children whose marks place them on the border between one sublevel 
and the next, but this will be much reduced in comparison with the boundary between 
one whole level and the next. Hence the sub levelling of the optional Year 3 SATs 
gave a reasonably accurate measure of a child's previous attainment in reading and 
mathematics. The optional SATs of this age group do not provide sublevels for those 
children deemed to be assessed as attaining Level 4. This is a potential weakness but 
as Tennent et al (2006) have suggested, and considering their age, these children are 
likely to be working at the lower end of level 4. 
I had asked the teachers involved to indicate if the test results were significantly 
different from their Teacher Assessment and for those few children where this 
occurred they were excluded from the study. Therefore, an assumption has been 
made that the SATs results were a reasonably valid measure of the child's ability. 
Any child who was working below level 2 was excluded from the study as the work 
was likely to be too challenging and inappropriate for their educational needs. This 
resulted in a sample size of 128 children across the three schools. The investigation 
required that the children be assigned different coloured booklets, which is explained 
in greater detail later in this chapter but the group could also be sub-classified by 
using their Mathematics and Reading SATS results as shown in Tables 9 and 10. 
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Booklet 
Colour 2C 2B 2A 3C 3B 3A 4 Total 
Red 0 0 1 5 3 6 10 25 
Blue 0 2 4 3 3 7 9 28 
Green 1 2 0 4 5 5 8 25 
Yellow 0 2 0 3 4 6 10 25 
Purple 3 0 2 3 1 7 9 25 
Total 4 6 7 18 16 31 46 128 
Table 9 Optional Year 3 SATs Reading Results for sample group (A represents the top end of 
the level) 
Booklet 
Colour 2C 2B 2A 3C 3B 3A 4 Total 
Red 0 2 4 5 8 2 4 25 
Blue 1 1 2 6 10 5 3 28 
Green 0 1 3 7 6 1 7 25 
Yellow 0 0 4 9 4 4 4 25 
Purple 0 1 4 7 3 5 5 25 
Total 1 5 17 34 31 17 23 128 
Table 10 Optional Year 3 SATs Mathematics Results for sample group (A represents the top end 
of the level) 
3.4 - Researcher role 
The problems of conducting research in one's own classroom using the children you 
teach are manifold. Due to the teacher pupil relationship there may have been a 
greater tendency for the children to behave in a manner they assumed would please 
me and equally my interpretation of their actions may have been clouded by my 
knowledge of them. It was for these reasons that when formulating the research plan I 
thought it important to look beyond my classroom and to use evidence from other 
schools. This would not only provide me with more quantitative data but would also 
minimalise the risk of data being biased by the pupil/teacher relationship. 
Permission to carry out the research had been obtained from the headteachers of all 
three schools. This was a verbal agreement but when I spoke to the individual class 
teachers about the project they each signed a consent form. Informed consent can be 
something of a misnomer in education research in that permission is given by 
someone on behalf of the children rather than by the children themselves. Consent is 
therefore assumed rather than informed. The children who completed the Challenge 
Booklet were informed that the work they were being asked to do was "to find out if 
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we can make maths easier to understand and that illustrations were a feature of the 
investigation". 
As the research progressed, it became increasingly obvious that any qualitative data 
would come from my own class, bringing into greater play some particular ethical 
issues of education research. The question of how much to divulge to the children 
about the research was difficult because their knowing the prime objective may have 
influenced them to act in a manner that was not part of their normal behaviour. 
Conversely, it could be argued that the research was not about the children but about 
an aspect of learning and by informing the children completely, the children may have 
behaved in a way that gave a greater insight to the problem. On the subject of the 
researcher being the teacher, Homan (2002) states that "it may be that an attitude of 
trust or loyalty or a climate of reciprocal favour is made to apply in the giving of 
consent. Pupils may overcome apprehension or misgivings only because in other 
situations the teacher has secured their trust. Students or parents of pupils may be 
disinclined to refuse to participate for fear of losing favour or gaining a reputation 
for being uncooperative" (Homan, 2002: 37). As I was using standard classroom 
materials I was able to incorporate these into the overall teaching plan for the class. I 
do not believe that the education of the children was affected in a negative way. If 
anything, the research was a positive experience for the children and myself as I 
gained a greater understanding of their thought processes. The ethical issue of using 
human subjects whose education may be compromised by the research is one that 
needs consideration and one I had to balance between my teaching and research 
responsibilities. 
Having contact with the children throughout their primary years could have enabled 
me to access other children as they moved through the school so that another group of 
Year 3 children could have been included the following year. I decided though, that I 
would gain enough data from the sample I had and therefore did not need to carry out 
the investigation with more pupils. 
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3.4.1 - My Context 
When I began this project I was working as the Deputy Headteacher in a small rural 
primary school. It had been agreed that I would be allowed two days per half-term 
dedicated to my research project and any other time I could elicit as part of my 
management time which equated to half a day per week. It was on this basis that I 
planned the project as, apart from the distance, there would be no problem visiting the 
other schools involved. In the time between the September and the following May I 
planned out the project and began to collect data for the background and textbook 
analyses. After May, the children had completed their optional SATs and following 
this the selected children completed the Challenge Booklet. Since school holidays in 
the three local authorities coincided, the two days I was allocated were essential in 
order to allow me to visit the other schools to interview the children involved. 
Unfortunately it was at this time that budget cuts in my own school resulted in my 
management time and the two research days being cut. This meant that I had no time 
within the term to follow up the findings from the Challenge Booklet anywhere 
except in my own school. 
In the following academic year I commenced study for the National Professional 
Qualification for Headship (NPQH). I had been asked to do this qualification 
previously but because of my research commitments I felt it would conflict with the 
limited professional development time I had. At the introduction meeting when I 
mentioned the research project I was told to "stop doing that because it won't do you 
any good and it's not valued". Since it was of value to me I continued and insisted 
that it be included as a target as part of my Performance Management in school. 
However, even then, during my review meetings I was asked if "I was still bothering 
with that thing". I was finding it very difficult to fit the research alongside my 
teaching commitments which meant that not only was I unable to visit the other 
schools but it was also taking longer than expected to analyse the data. That year also 
saw all teaching staff, including myself, served with redundancy notices. A change in 
Key Stage 1 numbers as the children moved to Key Stage 2 had resulted in a 
substantial loss of funding and the school was forced to reduce the teaching staff by 
one member. This was duly done but meant that my class size increased to thirty-six 
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children with a concomitant increase in the time I needed to spend on my classroom 
duties. 
The following Easter saw the retirement of the serving Headteacher and as Deputy 
Head I was given the post of acting Head. I still had a classroom responsibility and 
was teaching 0.6. In the following summer I was appointed as Headteacher and 
although I had no classroom responsibility I was still teaching 0.5 across the school. 
The Governing Body agreed that I could have one day per month for my research but 
only if this did not conflict with my Headteacher duties. As I have no Deputy or 
Senior Management Team this, in effect, was a hollow promise. 
What these events have all resulted in, is that once the research project was in motion 
I was unable to follow my original plan, which resulted in some aspects only being 
able to be conducted in my own school and then often at the same time as I was 
teaching resulting in the project taking far longer than anticipated. I also feel that it is 
a sad reflection of the lack of importance research as professional development has in 
schools. 
The classroom teacher can have the greatest impact upon a child's education and is 
invariably in contact with the child on a daily basis as they learn and develop, a good 
teacher will observe and question what a child is doing. To do this effectively the 
teacher must question the practice that occurs in their own classroom and as such 
should be an integral part of education research and development. It is my belief that 
the influences that have an impact upon classroom practice and ultimately a child's 
education, come from government, research from academic institutions and classroom 
practitioners and this partnership should be equal. However, at the moment I would 
suggest that classroom practitioner research is held in low regard and a change needs 
to take place within the school and system itself but also from the other members of 
the partnership (governments and academics) to give teacher research the status it 
deserves. 
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3.5 - Instruments used to gather data 
I decided to use authentic mathematical materials that the children were likely to 
encounter in any primary school classroom. The reason for this was that the 
inspiration for the study originated from my observation of children using such 
materials in the classroom indicating that children were already using illustrations as a 
source of mathematical information to aid their calculations. As a result of findings in 
the trial (Chapter 1), it highlighted inappropriate use of illustrations and I had 
wondered just how widespread the problem actually was. Using anything other than 
authentic learning materials would have compromised the value of the study. 
At an LEA numeracy conference I had the opportunity to ask the delegates if they 
used the mathematics challenges document and if so, whether they were used with all 
the class or just the most able. This was an impromptu data collection exercise, as I 
took advantage of being in the right place at the right time, being able to address the 
delegates briefly having asked permission from the organisers on the day. There were 
approximately one hundred delegates and a show of hands indicated that all used the 
challenges across the whole range of ability groups, selecting challenges they deemed 
appropriate to the children's ability and experience. Although unplanned, this did 
confirm my notion that the use of the challenges document was something that was 
not confined to the most able but used with a full range of ability levels. As such, I 
concluded the challenges to be an authentic teaching and learning material and a 
worthy topic for research. It was at this point that the materials for research divided 
into two strands - textbook use and the challenge problems. 
My own experience indicated that two main sources of written mathematics were in 
use; standard textbooks and a more recent government document of the time, 
Mathematical challenges for able pupils in Key Stages I and 2 (2000). The 
introduction of the Numeracy Strategy and greater use of ICT, meant that teachers 
were being discouraged from using textbooks, yet they still appeared to be a feature of 
classroom practice. However there remains a wealth of publishers of mathematical 
textbooks so one of the first questions I needed to answer was how widespread 
textbook use was and which textbooks were in current use. The use of the 
Mathematical challenges material was slightly more problematical because as the title 
78 
suggests, the problems were aimed at able pupils. In the book the challenges are 
divided into three sections; those suggested as suitable for Years 1 and 2, Years 3 and 
4 and finally Years 5 and 6. In my own classroom practice I used problems from all 
three sections, although principally the first section aimed at Years 1 and 2. 
Indications were such that this type of problem solving would become a more 
frequent feature of testing materials, so it appeared unfair to deprive a substantial 
number of children who were not considered to be from the more able group the 
opportunity to encounter these types of non-routine problems. 
3.5.1 - Mathematical challenges 
From the literature review it became clear that illustrations can be classified in a 
number of ways and not all typologies seemed appropriate or particularly easy to use. 
I therefore decided upon an expansion of the work conducted by Santos-Bernard, 
(1997) who worked with the principle of relevant and cosmetic illustrations and the 
more influential work conducted by Shuard and Rothery, (1984) who categorised 
illustrations into three types; decorative, related and essential. Ultimately I elected to 
divide the illustrations into four categories because I felt that Shuard and Rothery had 
missed an important type of illustration. The four categories were; 
o Essential - In this category some information essential to the question is found 
in the illustration which is not found in the text. The child therefore needs to 
`read' the visual material with close attention along with the text although it 
may not always be clear which part of the illustration is essential, especially if 
it also contains decorative aspects. 
o Related - In this category the illustration repeats or emphasises information 
stated in the text. It may increase the ways in which the reader can extract 
meaning from the text as the visual clue embodies the information and 
reinforces aspects of these abstract problems. Like the essential group, the 
reader has to be able to focus on the related information and not be distracted 
by decorative elements. 
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o Decorative - These illustrations serve no instructional purpose and their 
function is solely to make the work more attractive to read by lightening the 
text or breaking up the information. 
o Negative Decorative - This is a category I used in addition to those recorded 
in the literature. Like the decorative illustration they serve no instructional 
purpose but the illustrator tends to show an excessive number of those 
elements that may be essential or related to the problem solving. For example, 
when the text states how many coins are used as part of the problem the 
illustration shows a number of coins in excess of the number stated in the text. 
These illustrations can have a negative effect if the reader gives greater 
credence to the illustration rather than to the text. 
Having decided upon a categorisation format I then applied this to all the mathematics 
challenges in sections 1 and 2 (those suitable for years 1,2,3 and 4). Alongside the 
illustration I also determined which mathematical concept was being tested. I decided 
not to use examples from the Year 5 and 6 section because from the initial trial, few 
children had been able to complete the questions and as I was giving the questions to 
Year 3 children with a range of abilities (not just the most able) I wanted everyone to 
have some chance of accessing the mathematics. Despite what appeared to be very 
clear criteria, I did find a few examples where it was difficult to decide which 
category the illustration related to. This highlighted a possible weakness in the 
method, in that it was my interpretation of the question, rather than using an impartial 
formula for categorisation. 
As the focus for the study was number operations, those dealing with data handling or 
shape were discounted. Of the remaining questions, I selected three from Years 1 and 
2 section and six from the Year 3 and 4 section. Part of the decision was based upon 
how easy it would be to alter the presentation of the question to ensure that a variety 
of illustration types could be used for any particular question. Having categorised the 
illustrations into four groups I wanted to be able to present each chosen question in 
each of the four ways to different children. I was also making the assumption that the 
illustration had an effect on the child's ability to tackle the problem so I included 
another question type where no illustration was included. As it was the effect of the 
80 
illustration I was hoping to focus upon, the basic question format and text was not 
altered except to ensure the illustration category matched the text information. To 
have changed the text as well as the illustration would have meant that another 
variable was incorporated which would have made analysis of the answers confusing 
as to whether the text or illustration was having the greatest effect upon a child's 
comprehension and subsequent calculation. 
Of the total of nine questions, five questions were selected for alteration. For each of 
these five questions there would be five different versions (essential, related, 
decorative, negative decorative and no illustration). The other four questions were not 
altered and acted as control questions to be given to all children. The four control 
questions were an example of an essential, related, decorative and negative decorative 
illustration. No control question was included that had no illustration. I felt that nine 
of the challenges were sufficient for the children to deal with in the allotted time. 
Having selected the questions and altered those as necessary I composed five different 
booklets. The sequence of the questions was the same in each booklet and began with 
those from section 1 as I hoped these easier questions would give the children 
confidence before they tackled the more complex challenges from section 2. Each 
booklet type was given a different colour front page so that the teacher was able to 
organise the booklets so that children who had the same question format would not sit 
next to each other. The booklet colours were blue, red, yellow, green and purple 
(Appendix 1). 
Snakes Gold Bars Fireworks Roly Spaceship Ski Lift Queen Duck Three 
and Poly Control Esmerelda's Ponds Monkeys 
Ladders Control Question Coins Control 
Control Question Question 
uestion 
Blue Essential Negative Decorative Related Related Decorative Essential No Picture Negative 
Decorative Decorative 
Red Essential Decorative Related Related Essential Decorative No Picture Negative Negative 
Decorative Decorative 
Yellow Essential Essential No Picture Related Negative Decorative Decorative Related Negative 
Decorative Decorative 
Green Essential Related Essential Related No Picture Decorative Negative Decorative Negative 
Decorative Decorative 
Purple Essential No Negative Related Decorative Decorative Related Essential Negative 
Picture Decorative Decorative 
Table 11 Question type and booklet colour 
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Having devised and printed the booklets I met with each of the teachers who would be 
administering the test. I asked them to treat it as a formal test as I wanted to minimise 
the likelihood of the children copying or working collaboratively. Children were 
given two forty minute sessions to complete the booklets. Asking the children to 
complete the booklet in one session was too much, but I was aware that there was the 
possibility that children may have discussed the questions in the intervening time. I 
suggested that the sessions occurred either on the following day or two days later. The 
problem with timed tests is that some participants may display anxiety solely due to 
the timed element. In work conducted with adults on mathematical tasks, Walen and 
Williams found that the "anxiety produced by not being able to meet the demands of 
an external time frame focused their attention away from the mathematics even more; 
time became the `hot' issue... It was not the mathematics, but rather imposition of a 
foreign temporal structure over their mathematical knowing, that led to their 
discomfort and eventual paralysis in mathematical testing situations. " (Walen and 
Williams 2002: 375). Despite this, I felt it was better to treat the booklet as a test, for 
issues mentioned previously and the difficulty in classroom management it could 
create if some children were working on the booklet whilst others were working on 
alternative tasks. By giving the teacher's specific instructions as regards the 
administration of the booklets as a test, I felt this would ensure greater consistency of 
teacher input between the three schools. I also believe that children understand that in 
a test situation it is `against the rules' to talk or collaborate in any way. If children, 
irrespective of the booklet colour, hence illustration type had collaborated, the results 
would have had to be considered to be invalid. 
I had decided on forty minutes duration for the test following two trial sessions with a 
group of Year 4 pupils where some were given thirty minutes and others an hour. 
Thirty minutes appeared too short because it made the children anxious about 
completing the booklet in time whilst those having the longer time started to become 
bored and appeared to lose concentration. Given a set amount of time would also help 
with the reliability of the data. If different children in different schools had been 
given different times in order to complete the booklet it would add another variable of 
time to the analysis where some children may have been given limited time and others 
unlimited. There appeared to be little problem with the layout of the booklet or the 
questions. Since one question was later to prove extremely difficult for the Year 3 
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children it may have been better to have trialled the booklets with Year 3 children, but 
time and access to another group was problematical. 
Once they had completed the booklet, the children were asked to complete a 
questionnaire which focused on three questions (Appendix 2). This was a simple 
questionnaire which had been based upon a questionnaire used by Santos-Bernard 
(1997) in her research. Children were asked to explain which question they preferred 
and why. The intention of this question was to establish whether there were certain 
questions the children responded to better as a group than others and if this was 
related to the type of illustration. The second question asked them to consider which 
question would they think would be suited to someone who found mathematics 
difficult. By putting the question through a third person I hoped to establish the type 
of question and illustration most suited to mathematic problem solving. The final 
question related directly to the pictures, asking the children to explain what they liked 
or found useful about the pictures. This was intended to focus the children's attention 
directly on the illustrations. 
I had considered using a questionnaire based upon a Likert scale which would have 
given me further quantitive data, but I felt this would not provide me with the detailed 
qualitative information I felt was necessary. Therefore I decided to ask children to 
explain their reasoning in detail as it would form the basis for follow up interviews. 
Due to the difficulties I later encountered in being able to interview children, this 
qualitative data acquired from the questionnaire was extremely valuable being 
something I don't believe would have occurred from a questionnaire which produced 
quantitive data. For small children, explaining things in detail is difficult, hence the 
limit of three questions that addressed the most important aspects of the study. The 
wording of the questions was based upon that used by Santos-Bernard (1997). 
Following this, I conducted a questionnaire with a different group of children from 
those who had completed the Challenge Booklet. These children came from my own 
school and were from Years 2 and 4. In this the children were presented with each of 
the five questions (Appendix 3) that had been altered with each type being seen at the 
same time. They were told that the questions were basically the same, having the 
same problem and answer, but each had a different picture to go with the text. They 
were asked to look carefully at each of the questions and decide which format they 
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thought would enable them to complete the question. Although I did not seek this 
information, all the children also commented on which illustration they felt was `the 
worst'. I would have liked to again use Year 3 children but circumstances prevented 
this and I did not want to use the same children who had completed the booklet in 
case they were influenced by their experience. However, it could also be argued that 
their experience of answering the questions could have made them better informed 
and therefore a good source of information about question design. 
When all the booklets were returned I had intended to select particular children and 
interview them in greater detail about the questions and their answers, going through 
their reasoning with them. Unfortunately cutbacks in the school budget meant that 
supply cover was not available and I no longer had any time out of my classroom. 
This prevented me from visiting the other schools as planned and meant that due to 
my now full timetable teaching commitments it took far longer than expected to carry 
out a basic analysis of the booklets. This meant that by the time I had selected those 
answers of interest, the children involved would have forgotten their thinking process 
at the time. Also I was now limited to using only children in my own class whilst also 
teaching, which considerably reduced the sample size. Only being able to work with 
children from my own class meant that my consideration of the children's responses 
may have been influenced by the teacher/pupil relationship. This was a disappointing 
moment in the research. However as an alternative I followed the example by Cooper 
and Harries (2005) and asked children to comment on another child's work. Within 
these discussion groups there was the child whose work was being discussed even 
though they were unaware of this. In Cooper and Harries' research children were 
presented with another child's answers and asked to explain how they might have 
been found. I followed a similar procedure. I was able to do this with a small group 
of children in my class. 
3.5.2 - Textbook study 
In order to answer the question of what textbooks were in use, how they were used 
and how frequently they are used, I sent out a questionnaire (Appendix 4) to fifty 
schools in my own Local Education Authority (LEA). The LEA is divided into four 
regions and I randomly chose either twelve or thirteen schools from each region using 
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the LEA directory. For each region I tried to ensure that a mixture of school types 
was present - rural versus urban; varying role numbers of large and small schools; 
faith and secular schools. In my accompanying letter I explained the nature of the 
survey and that being a full time teacher myself I had constructed the questionnaire to 
take a minimal amount of time. Accompanying this plea for professional sympathy I 
included a stamped addressed envelope. 
Of the fifty requests sent out, thirty five were returned. Following this high return 
rate I wrote a letter to all the schools thanking them for their response. Since the 
schools were totally anonymous I had no idea which schools had in fact returned the 
forms, so sent my thank you letter to all fifty schools. This resulted in a few 
consciences being pricked and a further four were duly returned. In total I received 
thirty nine replies (78%). 
The questionnaire was divided into three parts and focused on the number operations 
of addition, subtraction, multiplication and division for Year 3. Respondents were 
asked to indicate which textbook(s) they most readily used for number work, how 
frequently it was used in a week and what prompted them to use that textbook 
(Appendix 4). The introduction of the Numeracy Strategy dictated the format of the 
numeracy lesson in that the lesson began with a whole class activity followed by 
individual or small group work before returning to a whole class plenary. It is during 
the twenty minute individual or group work that textbooks would be used. Therefore 
I was fairly confident that there would be a consistency of textbook use in the 
classroom. 
The results indicated that two main textbooks were in use - Ginn Abacus and the New 
Heinemann Mathematics schemes. Having confirmed the overwhelming use of these 
books I decided to analyse the use of illustrations within the books. Like the 
Challenges book I focused on those questions which dealt with basic number 
operations of addition, subtraction, multiplication and division. Any question which 
dealt with the additional concept of money or measurement was ignored. The 
analysis used the following criteria. 
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Page (for ease of referral) 
Concept (addition, subtraction, multiplication or division) 
Number of parts (A question was often divided into parts e. g. a, b, c etc. although each was a 
separate sum 
Number of words in the general introductory instruction 
Number of words per part 
Illustration (if the illustration was essential, related, decorative, negative decorative or no 
illustration present) 
Is illustration related to concept 
RJ view of ease of understanding (my own view on how easy it was for the mathematics to be 
identified 
Table 12 Textbook Analysis Criteria 
The last three points were open to interpretation, but they did allow me greater 
understanding when deciding which questions to use from the textbook. I 
particularly wanted illustrations to be the focus rather than just the mathematics. As 
Campbell, (1981) has highlighted, adults have less difficulty reading illustrations than 
children, so it appears justifiable that as an adult, if I found an illustration difficult to 
interpret a child would be likely to find it even more difficult. The textbooks differed 
slightly from the Challenge Booklet in that many of their illustrations acted as a 
canvas on which the maths was written rather than a separate illustration allied to the 
question. This required the creation of another category (Decorative Background) 
where the overall illustration of the page provided essential information to the 
solution of each individual problem. 
Initially I had planned to select a number of questions from each scheme and work 
with children from each of the schools, taping interviews with children as they 
completed the questions. However, due to my teaching commitments this had to be 
abandoned and I was only able to work with children in my own class. I decided not 
to adapt the questions as I had done with the challenges questions because my artistic 
skills are not that good and I was aware that there may be copyright implications. 
This experience of questioning the children as they worked through the questions 
made their thought processes clearer to me, something I had not been able to do with 
the Challenge Booklet questions. The two methods were complimentary in that the 
Challenge Booklet gave me much more quantitative data whereas this textbook 
process gave greater qualitative data. 
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3.6 - VARK 
As stated in the literature review, VARK is a method of establishing an individual's 
preferred way of accessing information. The questions and analysis procedure are 
well established and therefore were not altered (Appendix 5). This activity was 
conducted later in the research process and not all children completed the 
questionnaire as I had lost contact with the staff in one of the schools and a number of 
children had moved away. Not only did time constraints prevent the completion of 
the questionnaire when the main research was taking place but I felt the nature of the 
questions were not particularly relevant to young children despite the title indicating 
its suitability ("The VARK questionnaire - for younger people"). Although taking 
place only a few months later (in the following autumn term when the children had 
moved to Year 4 and possibly a new teacher) it must be recognised that the children 
are likely to have developed in the intervening time so the results may have been 
compromised by this. 
Of the 128 children in the total sample, I was only able to get 81 VARK returns. 
Depending upon the results a person may show a strong indication for one style or be 
multimodal - in other words there is no significant difference between a preference for 
two, three, or four styles. Surprisingly, all the children's results indicated a 
multimodal result, with three children exhibiting three main styles and the remaining 
having all four styles. My interpretation of this was that either the children have not 
yet developed sufficiently to have an identifiable style, that the questionnaire was 
invalid for children of this age group, or that the concept of learning styles is a 
misnomer. These results gave me no clear cut way of defining their learning style for 
comparative analysis. 
Because the children's results had indicated a multimodal style I decided that in order 
to distinguish between them I would focus on the area where they scored highest 
even though the difference between their highest and next highest preferences was 
only a matter of one or two points. This resulted in 24 children showing a visual 
preference, 26 an aural preference, 14 a reading preference and 17 a kinaesthetic 
preference. The hypothesis would be that those children who indicated a visual 
preference would focus more on the illustrations, so the questions which had a 
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decorative or negative decorative illustration should have misled them greater than the 
other children all things being equal. Because the sample size in this group was small 
(81), I only focused on those questions where a substantial number (at least 50%) of 
children achieved a correct answer. However upon analysis a picture emerged that 
indicates that there was no significant difference in performance between each of the 
VARK groups. 
It has to be acknowledged that the sample size is small but there are concerns with the 
data and the way in which the information was collected as well as the premise of 
cognitive and learning styles. The VARK questionnaire may not have been valid for 
this age group of children, and as they indicated that they were all multimodal I 
elected to focus on their primary learning style, even though the results suggested that 
this was not a strongly preferred style These are weaknesses of the research which 
cannot be improved upon in this particular project. However if we were to consider 
that the data does have some validity, it would appear to indicate that children at this 
age have not established a dominant cognitive learning style. 
As a classroom practitioner I am aware of the high emphasis cognitive, and in 
particular learning styles, is being given by those who influence classroom practice, 
namely government bodies and LEA advisors. I had to conclude from the results of 
this small study and the literature review that I found no evidence that cognitive and 
learning styles, if they in fact exist, are an important factor for an individual's 
performance when solving mathematical problems of this nature. I therefore decided 
that the results of the VARK investigation would not be used further within the 
research project. 
3.7 - Validity of the data collection 
Any research must be shown to be valid. This means that it should be shown to 
measure what it claims to do. Internal validity refers to the results within the study 
and usually concerns causality. As the focus of the study was to elicit whether 
children's mathematical performance was affected by different types of illustrations, 
changing the illustrations for the challenges questions was an appropriate way in 
which to tests this thesis. As much as was possible the same language and illustration 
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style was used for each of the different question versions. This meant that the 
presentation of the versions varied only by the detail in the various illustrations. The 
essential illustration always contained some information that was crucial to the 
question and could only be found in the illustration. Usually it was the only way the 
number of items required to answer the question could be ascertained. The related 
illustrations reaffirmed essential information that could also be found in the text. The 
decorative illustration showed an example of an item similar to that in the question 
whilst the negative decorative showed a number in excess of the actual number of 
items identified in the text. The question with no illustration used the same wording 
as the decorative and negative decorative questions because text was the only clue to 
the mathematical requirements of the question. The Duck Pond question caused 
difficulty in matching these criteria and is discussed further in the analysis of the 
results. The illustration criteria, although reliant solely on my interpretation, were 
sufficiently clear to make the necessary judgements for the characterisation of the 
illustrations. As the sample size was relatively small, I used four control questions so 
that for each type of illustration there would be a larger number for analysis. The 
difference in mathematical difficulty of the individual questions may have reduced the 
validity of the research because the difficulty of the question itself may have had a 
greater impact on performance than the effect of the illustration. 
I believe that using different children to comment when selecting which type of 
question from all five types (Appendix 3), was justified, because first impressions 
were important in understanding how influential an illustration is on the initial 
understanding of a question. I considered that if the same children who had 
completed the questions had done this exercise they may have been unduly influenced 
by their experience when answering the questions. Although as stated earlier, their 
experience might have made them better judges of appropriate question design. 
The selection of which textbook questions to use was more difficult because I 
deliberately selected questions that appeared problematic. Because of this, I always 
presented the children with less complex questions prior to the focus question and 
always in the context of our numeracy curriculum. As the children who took part in 
the textbook investigation also took part in the challenges booklet and `post test' 
interviews, this formed a triangulation of evidence. 
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Gathering data by audio-tape can be difficult due to acoustic problems and the 
difficulty in interpreting the evidence reliably. The effects of the teacher/pupil 
relationship could have an effect on the outcome but, as Hammersley, (1993: 229) 
indicates "the teacher is more able to interpret a tape than a stranger is, given an 
adequate degree of self-critical awareness" As there was no alternative adult 
available to interview the children it was inevitable that the teacher/pupil relationship 
influenced the interviews. Being aware of this, when interviewing the children, I 
aimed to pose questions that would allow the child to expand their explanation but not 
lead them down a particular path. 
The teacher questionnaire on textbook use was helpful because it gave me information 
on how widespread the use of textbooks was in schools. In the absence of this, as a 
practising teacher I may have made unfair assumptions about the use of textbooks 
based on my own classroom practice. The children's questionnaire gave the children 
an opportunity to express their opinions beyond the evidence of their answers to the 
items alone. Their answers may have been compromised due to poor writing skills or 
an inability to expand and express their ideas adequately. However I do consider this 
was more informative than a Likert questionnaire which was unlikely to have given 
the children opportunities to express fully their ideas. The VARK questionnaire, by 
its reputation should have been a valid instrument for determining preferred style for 
accessing information. Its use may have been compromised by being delivered later 
to the group with not all the sample completing it as well as an unknown number of 
children who tried to manipulate their answers. 
In consideration of external validity there are two factors to bear in mind. One being 
the range of abilities of the children involved and the other being the socio-economic 
make-up of the sample. In consideration of the ability range of the children in the 
study, the SATs results for mathematics and reading indicate that a wide range of 
abilities was present in the sample as would be expected for this age of children. 
However children with identified Special Education Needs were not included and any 
further study would have to take this into account. 
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The schools that took part in the study were partly self-selecting and although each 
class included children from a range of socio-economic backgrounds, they were not 
representative of society as a whole. None of the schools were in urban 
environments or essentially poor economic households. The work by Cooper and 
Dunne, (2000) indicates that socio-economic status can have an effect upon children's 
understanding and success in mathematical word problems, especially those that 
contain an element of realism, which is an important element of the questions in this 
study. Because of this importance of socio-economic effect across the social 
spectrum, the external validity of this study is inevitably limited by the nature of my 
samples. 
3.8 - Reliability of the data collection 
Reliability is where different researchers can repeat a piece of research and obtain 
precisely the same results. Although more likely to occur in the world of scientific 
research, such reliability is unlikely to be achieved in educational research because 
the mix of causal variables will be so different each time - the children and their 
experiences prior to and at the time of the research is just one aspect that could affect 
this. Using authentic, publicly available learning materials that have been judged 
suitable for the children at the end of Year 3 would imply that this research could be 
conducted by another researcher and whilst their results may be different I am 
confident a strong element of reliability would be achieved. 
3.9 - Analysis of the data collected 
The data collected from the Challenge Booklet and Textbook research was a mixture 
of quantitative and qualitative data which I feel complemented each other. The 
quantitative data gave descriptive validity whilst the in-depth qualitative data 
provided deeper insights to the patterns identified in the quantitative data. 
3.9.1 - Quantitive analysis 
All the quantitative data was entered into Microsoft Excel. Using this program 
different analyses were undertaken. Where the results from small group have been 
analysed the sample size does become very small which must be taken account of in 
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the interpretation of the results. To aid comparison, percentages have been used when 
presenting data from different sized groups. All percentages have been rounded to the 
nearest whole number which in some cases means that the totals do not always add up 
to 100 per cent. 
One of my research questions was to examine the significance of a child's reading and 
mathematical ability upon their use of illustrations to comprehend question meaning. 
The quantitative data that the booklet work produced would be used to answer this 
question. The sample group was heavily weighted in favour of those children who 
could be considered to be competent readers. Of the 128 children in the sample, 77 
children had a reading level of 3A or 4, which may be considered as above the 
average for this age group, whilst only 23 had a reading level of 2A or below (of 
which only five were 2B and one 2C). In order to answer the research question I 
needed to find two groups whose results I could compare. An expected level for this 
age would be 3B. 
The children did not necessarily achieve the same curriculum level in their reading 
and mathematics SATs results. In order to try to split the sample group I gave each 
level a nominal score (1 for 2C, 3 for 2B, 5 for 2A and so on, until level 4 equalled 13 
points). This resulted in pupils scoring between 4 and 26 points, with the bulk of the 
pupils being in the higher points bracket. A line had to be chosen to divide these sets 
but in reality this dividing line was not clear cut. One answer was to divide them so 
that the children who scored 14 or less points would be considered as one group and 
anything over this as another group. Fourteen points could be achieved by scoring 3C 
in mathematics and reading. A level of 3C can be considered to be in the lower 
average range for this age group therefore fourteen points would be a distinguishing 
mark between those children clearly achieving as expected from those who are 
working at the lower end of expectations. As can be seen on Table 13, there is a 
significant difference in the number of children who gained 16 points as opposed to 
14 points which is also the median point. 
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Points scored b combinin SATS Maths and Readin Scores 
4 6 8 10 12 14 16 18 20 22 24 26 Total 
Blue 
Booklet 
2 1 2 3 4 2 4 2 6 2 28 
Green 
Booklet 
2 1 2 6 3 2 2 1 6 25 
Yellow 
Booklet 
2 4 4 2 3 2 5 3 25 
Red 
Booklet 
1 1 2 6 5 5 2 3 25 
Purple 
Booklet 
1 1 1 4 1 1 3 1 5 3 4 25 
Total 1 5 3 1 9 12 21 15 10 16 17 18 128 
Table 13 SATs level points related to booklet colour 
The expected curriculum level for a child at the end of Year 3 would be 3B or above. 
Therefore it would make sense if the dividing line between the two proposed groups 
was at the 3C point. However, since pupils did not always get the same level for each 
subject, the question arose of would it be their result in their mathematics or their 
reading from which the level would be taken? I found no satisfactory answer to this. 
Following this I decided to look at the results of those children who gained a 2A, 2B 
or 2C in reading and compared their mathematics result to see if it was above, equal 
or below their reading level. I then did the same comparison between the child's 
reading and mathematics results for all the other levels. A very definite pattern 
emerged as can be seen in Figure 1. Children who gained 3C or below in reading 
were more likely to have a mathematics level equal or higher to their reading level. 
Children of 3B and above in their reading were likely to have a lower level in 
mathematics. 
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Percentage of Pupil's Mathematics Level Compared With Their Reading Level 
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Figure 1 Percentage of Pupil's Mathematics level compared with their reading level 
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The difference between the levels also became more pronounced the higher the 
reading level. Those who had been awarded a level 3C or below in reading tended to 
have a mathematics level adjacent to their own. For example a child who had a 3C in 
reading may have a 2A or 3B in mathematics. The reading levels higher than 3C had 
a much wider range. For example the child who achieved a 3A in reading was more 
likely to have been awarded a 3C or even a 2A in mathematics. A child who achieved 
level 4 in reading may have got a 3B in mathematics. It has to be acknowledged that 
level 4 was the ceiling in the Year 3 optional SATs, so no child could be recorded as 
having a higher level in mathematics if they were awarded a level 4 in reading. As 
discussed above, the marking scheme that awards these levels is partly arbitrary, in 
that one mark could make the difference between one level and another. Therefore 
the wider range in between the mathematics and reading levels at the higher end is 
even more significant. 
Following this analysis and given that I had to split the groups using some type of 
criteria, it appeared reasonable to split the sample based upon the children's reading 
level at 3C. Those who were awarded 3C or below formed one group (n=35) whilst 
those who achieved 3B and above (n=93) formed another group. This still resulted in 
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2A and 2A and 2A and 3C 3C 3C 3B 3B 3B 3A 3A 3A 4 below 4 equal 
below, below below below equal above below equal above below equal above 
below equal above 
uneven numbers in the two groups but reaffirmed the split point in the point score 
exercise above. For the 3C and below group there were six children from the red 
booklet group, nine from the blue, seven from the green, five from the yellow and 
eight from the purple booklet group. 
3.9.2 - Qualitative analysis 
The qualitative data investigation, interviews and observations, took place with 
individual or pairs of children. Except for my own name all other names were 
anonymised to minimise the possibility of individuals being identified. The remarks 
made by the children on the two questionnaires, gave an in-depth view to the 
children's understanding of how important illustrations are in children's 
understanding of mathematical problems. 
In the analysis of the questionnaire I had considered using a software program such as 
Nvivo or Atlas. ti in an attempt to investigate trends arising from the children's 
answers, but the range of codes produced from the questionnaire was so limited that 
similarities and trends were self evident making the use of such software redundant. 
3.10 - Summary 
This chapter summarised the various elements of the research I carried out. I believed 
that it was important to examine the subject from a number of different viewpoints. 
This resulted in a number of qualitative and quantitative approaches involving both 
the main target group of pupils and others to provide corroboration. Generally the 
methodology worked well and apart from some minor changes from the pilot project 
to the main investigation it was substantially unaltered. The main problem that arose 
was a difficulty with making time for the investigation as a number of the elements 
were reliant on being examined within the same academic term. Changes to the 
staffing of the school where I work and consequent reduction in the time I had 
available for research purposes whilst I was in school seriously constrained some of 
the follow-up work I had hoped to do. I was able however, to work laterally and 
widen the scope to involve other pupils in the research which, with hindsight has 
proved to be a strength rather than a weakness. As will be seen in the results chapter 
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that follows, the investigation certainly raised some interesting points concerning the 
child's perspective in approaching mathematical word problems. Similarly, the 
differences in approach to such questions depending on the child's reading ability 
produced a number of points that required further analysis. Given the various 
constraints that arose during the data collection phase of the research it was 
encouraging that so much information arose over what was a fairly short time scale. 
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Chapter 4- Textbook Investigation 
4.1 - Introduction 
As detailed previously in the literature review, mathematics textbooks for use in 
Primary schools have changed radically over the last few decades and one of the 
principal changes has been the incorporation of illustrations into the page layout. For 
primary age children, old fashioned textbooks containing bland pages of sums have 
been replaced by textbooks incorporating colourful and attractive illustrations. In this 
chapter I present an analysis of the results of an investigation into textbook use 
amongst teachers, an exploration of the distribution of textbooks used in our current 
mathematics curriculum for one LEA, the extent to which the different illustration 
types are distributed throughout the textbooks and finally explore the ways that 
different children work with the material in order to illustrate the role these images 
have in children's mathematical calculations. 
4.2 - Textbook Survey 
Inspectorate reports have suggested that during the independent working time of the 
Numeracy Strategy lesson, children were predominantly seen working independently 
from textbooks. This view concurred with what I had seen in my own extensive 
observations of teacher's practices within the Numeracy lesson. Bierhoff (1996) 
found that textbooks play an important role in teachers' lesson planning, and 
particularly in the approaches and methodologies teachers adopt. Yet as Harries and 
Sutherland identified, textbooks are increasingly viewed as an old-fashioned source of 
information that provoke a routine approach to teaching and learning (Harries and 
Sutherland 2000). It is but a short step from using a routine approach to solve simple 
mathematics problems in textbooks to providing pupils with a formulaic approach to 
solving word problems. Over reliance on textbook examples to provide suitable 
problems may be unwise if the problems provided within the textbook are not clear 
or do not provide a wide range of problem types. Using illustrations may make 
questions appear to be very different when they are not and may also serve only to 
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confuse pupils who are still developing problem solving skills by making the 
problems appear much harder than they are. 
As described in the methodology chapter (Chapter 3), 1 used a questionnaire to obtain 
information from practising teachers regarding the type of mathematics textbooks 
used in schools, how frequently they were used in a week and what motivated 
teachers in their choice and use of a particular book (Appendix 4). Of the fifty 
requests for information sent out to a variety of primary schools within my Local 
Education Authority, thirty-nine questionnaires were returned. The questionnaire was 
not intended to provide an in-depth knowledge of teacher's approaches and 
methodologies but simply to find out what (if any) textbooks were used, why they 
were chosen, how they were used in the classroom and the extent to which children 
would be exposed to working with them during any particular week. I deliberately 
made the questionnaire very straightforward, in order to obtain as many replies as 
possible, considering the likelihood of the teacher having to complete questionnaires 
in an already busy working day. 
4.2.1 - Most commonly used textbooks for the teaching of 
number work. 
Mathematics Textbooks Used in The Teaching Of Number 
14 
12 
10 
Number 8 
6 
4 
2 
0 
Figure 2 Mathematics textbooks used in the teaching of number 
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Abacus New Ginn Cambridge Letts New Peak A&C Black LCP F , le Collins None 
Heineman Maths Primary 
Textbooks 
As indicated by the results shown in Figure 2, Abacus was by far the most commonly 
used textbook. This was not surprising as when the National Numeracy Strategy was 
introduced, Abacus was quick to publish teaching material in line with the new 
strategy demands and was highly recommended by LEA teams. New Heinemann 
Mathematics, which came onto the market shortly after Abacus, was also widely used 
and Figure 2 shows that this was the second most common book used in classrooms. 
A significant number of respondents indicated that no textbook was in regular use. 
Some of these respondents indicated that they `aren't encouraged to use them now. 
This may be as a result of short term plans produced by the National Numeracy 
Strategy which incorporated activities that were not textbook, but worksheet, based. 
One respondent indicated that they make regular use of photocopiable worksheets 
from the material incorporated in the LCP file. 
4.2.2 - Reasons why teachers use mathematics textbooks 
In the survey, teachers were presented with a range of possible options to indicate 
why they use the textbook. They could tick as many statements as they felt were 
appropriate and add others if their view had not been identified. All those teachers 
who had indicated their use of a textbook in question one answered this question. The 
results were as follows: 
Reasons Teachers Gave For Using A Textbook 
30 
25 
20 
Number 
15 
10 
5 
0 
Figure 3 Reasons teachers gave for using a textbook 
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Well illustrated Attractive looking Differentiated work Matches objectives Independent working Teacher time saving 
Reasons 
In the teacher's opinion matching the teaching objective to the textbook was a major 
reason for selecting a textbook . The ability to differentiate the work so that pupils can 
work independently is a significant point, reaffirming my view that pupils will tend to 
be working independently when using the textbooks but also, more significantly, it 
means children are working from these books with potentially little guidance or 
support from the teacher at the time, feedback tending to be given during the marking 
stage. If the illustrations are a contributing factor to causing children confusion in 
their calculations, the teacher may well assign a child's incorrect answer entirely to a 
misunderstanding of the objective alone rather than to their misunderstanding of the 
question due to the way the problem is presented. In the survey, the illustrations and 
the attractiveness of the page were also identified by a number of teachers as being 
important. If added together, the results from these two separate items would make a 
total of sixteen responses which would place it as second in order of reasons for 
textbook choice. This links with the work conducted by Bierhoff (1996) who found 
that the visual appeal of a textbook was a major factor in student teacher's selection of 
textbooks. It also reaffirms the marketing statement by Ginn that the brightly 
illustrated textbooks allow pupils the opportunity to practice skills independently. In 
light of the focus of this thesis and in order to address these issues, an analysis of the 
two most commonly used textbooks was undertaken. Coincidentally, my school uses 
both of these, New Heinemann Maths and Abacus although before I carried out the 
survey I was unaware that they were also the most commonly used within the LEA. 
In the Heinemann Catalogue the New Heinemann Maths is promoted as being; 
"Motivating - Inspiring and highly visual pupil materials that are sure to 
keep all your children on task. Textbooks. NHM Textbooks combine solid 
mathematical content with clear layouts and a child friendly way to 
encourage further practice of skills. They provide opportunities to use and 
apply mathematical understanding in new situations. The Textbooks: 
reinforce fluency of number facts and mental calculations strategies, 
provide problem solving activities" (Heinemann 2005: 12). 
The Abacus scheme, produced by Ginn, promote their textbooks as being; 
"Brightly illustrated textbooks providing independent practice of specifrc 
skills. Clear and appropriate reading levels, with an easy-to-use layout. 
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Include investigations or open-ended skills focus to encourage creativity. 
Problem solving included throughout" (Ginn 2005: 14). 
The people who write this promotional blurb have obviously done their research! In a 
short space they manage to use a great number of words and phrases that will 
immediately resonate with teachers. 
From the Heinemann blurb: 
" "inspiring" 
" "highly visual" 
" "keep all your children on task" 
" "child-friendly" 
" "problem solving" 
And from the Abacus blurb: 
" "brightly illustrated" 
" "independent practice" 
" "easy-to-use layout" 
" "creativity" 
" "problem solving" 
However, it is important to note that for both these firms, the attractiveness of the 
page is a major selling point and is usually mentioned in the sales literature before 
references to the mathematical objectives within the textbook. It is also interesting to 
note how the attractiveness of the material is linked to a `child-friendly' approach, 
indicating the intention that the materials are designed in such a way to make the 
mathematics easily accessible to children. The Abacus blurb also mentions 
"creativity" although there is little scope within the textbook questions to demonstrate 
this given that they have a strict marking scheme with a limited number of correct 
answers. 
(P' 
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4.2.3 - Frequency of textbook use in the teaching of number 
work 
From the textbook survey, twenty-nine (74%) of the respondents used textbooks in 
the teaching of number work. The number of times the textbook was used per week 
was as follows. 
14 
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10 
Number 8 
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2 
0 
Frequency of Textbook Use in The Teaching of Number 
Figure 4 Frequency of textbook use in the teaching of number 
Figure 4 shows that overwhelmingly, children are engaged in using textbooks on a 
regular basis. Out of a total sample size of thirty-nine respondents, 67% of them 
indicated that children would engage with a mathematics textbook at least twice a 
week. From my own professional knowledge it is likely that these would be used 
during the twenty minute independent working part of the numeracy hour lesson 
although this was not specifically identified in the questionnaire. It is clear from the 
results of the questionnaire that textbooks are still very much part of the children's 
mathematical experience. 
4.3 - Textbook Analysis 
From the results of the survey, two main textbooks in common use were the Abacus 
and New Heinemann Maths. Few of the respondents were using any other textbooks 
so I decided to concentrate on these two main schemes. 
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Daily 3 or times a week Twice a week Once a week 
Occasions per Week 
The Abacus scheme has a number of components for each Year group. By Year 3 
these include three textbooks, Number 1, Number 2 and Shape, Data and Measures. 
Unlike Abacus, Heinemann have the one main textbook which incorporates activities 
covering all the Mathematics Attainment Targets. For both schemes there are also a 
number of supplementary materials available. 
My analysis of these textbooks focused on the illustrations but only in the context of 
the four number operations, addition, subtraction, multiplication and division. 
Questions involving shape, space and measure were disregarded as were questions 
that dealt with number sequencing, fractions or similar. I also elected not to include 
questions that involved another mathematical element such as measurement or money 
because it would mean it would be more difficult to compare the results when an 
additional concept is involved. 
The analysis of the illustrations followed the same pattern as those of the main study. 
I decided whether the illustration was essential, related, decorative or negatively 
decorative. Using Microsoft Excel I decided to record the data using the following 
fields. 
Concept 
Number of parts for each question 
Number of words (general instruction) 
Number of words per part of question 
Illustration 
Is illustration related to the concept 
Table 14 Textbook Analysis Criteria 
The number of words in the instructions could give some indication of the level of 
reading competence expected of the pupils as well as the amount of interpretation of 
the illustrations and instructions children were expected to do. In her work, Heuvel- 
Panhuizen (1999) avoided questions with extensive written instructions on the basis 
that it resulted in an overemphasis on reading comprehension rather than an 
understanding of mathematics and the assertion that the pictures were self 
explanatory. 
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4.3.1 - Heinemann Textbook 
I began my analysis with the Heinemann textbook. I immediately encountered a 
problem when defining the illustrations. The following illustration, "Javelin Throws", 
is an example of the problem I encountered. At the top of the page are a number of 
sums that have been written as part of the illustration. The illustration is decorative, 
but uses the whole page to provide information about the context upon which the 
sums are based. If I was unsure or needed reminding what a javelin was, the 
illustration would flesh out the concept for me. For the analysis of the textbooks I 
therefore incorporated a new illustrative category - "Decorative Background". This is 
used when the illustration is part of the decorative background to the page. This is 
different from the previous category of decorative which would usually just 
incorporate a small image somewhere on the page. 
The first section of the page also fitted my criterion of only including data from the 
four number operations. However the section towards the bottom of the page 
required the children to apply their subtraction skills to the measurement of the javelin 
throws. The questions in this part of the page were not included in the analysis 
because it involved an additional mathematical concept - that of measurement. 
eýý rI iuwws - -ýo metres Peter - 85 r 
y,,. 
"' 
ff 
Paul - 62 metres Brutus - 33 r 
3 Find the difference in metres between the throws of 
(a) Marco and Brutus (b) Antony and Julius 
(c) Julius and Marco (d) Peter and Paul. 
4 What is the difference between the longest and 
shortest throws? 
S (a)57- =32 (b)85- =4l (c)77- =S4 R 
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The total results from the analysis of all the pages I analysed within the Heinemann 
textbook have been subdivided into the four number operations and are shown in 
Table 15. 
0 words 1-5 words 6-10 words 11+ words Total 
Addition 39 40 13 6 98 
Subtraction 66 19 19 17 121 
Multiplication 15 6 5 11 37 
Division 24 22 6 7 69 
Total 144 87 43 41 315 
Table 15 Number of words used in general question instructions 
These results indicate that very few, if any, words are included in the general 
instructions. With few written instructions, children will have to interpret the visual 
information to decipher what they were expected to do. However as Campbell (1981) 
suggested, children generally obtain less information from pictures than adults so it is 
possible that with no written instruction, they are more likely to misinterpret the 
requirements of the question. 
Although I am by no means advocating long extended instructions, it does raise the 
question as to how much useful information can be provided in fewer than five words. 
Even `copy and complete' can be open to misinterpretation. Teachers indicated that 
they used the textbooks because they provided children with independent work but for 
this I would assume that some additional information must be necessary. However, if 
they are used for truly independent working that support may not always be available. 
If the written word is not present, the role the illustrations play in transmitting 
information must be greater. The illustration type has been subdivided by the four 
operations (Table 16). 
Essential Decorative 
Background 
Related Decorative Negative 
Decorative 
No 
Picture 
Total 
Addition 32 38 5 3 1 17 96 
Subtraction 45 28 1 6 0 30 110 
Multiplication 18 7 1 2 0 10 38 
Division 18 10 5 7 0 19 59 
Total 113 83 12 18 1 76 303 
Table 16 Illustration type associated with different number operation 
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These results, with 65% falling into the 2 "essential" categories, indicate how 
important the illustration is to the understanding of the question. With minimal 
written instruction, the illustration becomes the main source of information. 
Potentially uncomplicated sums (e. g. 55-34) have a tendency to be presented in the 
Decorative Background category. This provides evidence of how children may be 
reliant on the illustrations to provide them with instructional information but equally 
the illustration may act as the main distracter causing children to misinterpret or make 
mistakes due to poor concentration. 
If children are frequently required to use the illustrations to understand meaning, how 
frequently are the illustrations linked to the mathematical concept? The results for the 
four operations in my investigation are illustrated in Table 17. 
Clear Link to 
Maths Concept 
No Clear Link to 
Maths Concept 
Total 
Addition 5 74 79 
Subtraction 3 76 79 
Multiplication 1 26 27 
Division 0 40 40 
Total 9 216 225 
Table 17 Link between number operation, illustration and mathematical concept 
These results show that in most cases there is no clear link between the illustration 
and the mathematical concept involved, so children are being required to further 
interpret a non-related illustration within a mathematical setting. 
4.3.2 - Abacus Textbooks 
Information from the Abacus scheme was taken from the two Year 3 textbooks, 
Number 1, and Number 2. The presentation of the illustrations in the Abacus scheme 
involved the use of more muted and pastel colours when compared to the Heinemann 
scheme. 
One noticeable difference between the two schemes is the number of words used in 
the general instructions. The Abacus scheme uses far more words and for some 
activities (Table 18), especially the explore activities, there was substantial text, often 
involving thirty words and occasionally as high as sixty-seven words. 
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0 words 1-5 words 6-10 words 11+ words Total 
Addition 1 14 25 44 84 
Subtraction 0 10 14 18 42 
Multiplication 0 9 21 13 43 
Division 0 5 11 12 28 
Total 1 138 71 87 197 
Table 18 Number of words used in general instructions 
After these general instructions very few words were used for subsequent parts of the 
questions. Presumably the authors considered the general instructions adequate as 
little further text instruction was given for the remaining parts of the questions. 
Despite the often lengthy general instructions, the illustrations in the Abacus scheme 
(Table 19) are often found to be essential to the calculation (56%) compared with the 
Heinemann scheme which contained fewer instructions with only 37% of essential 
illustrations. In the Abacus scheme there are noticeably fewer Decorative 
Background illustrations compared with the Heinemann scheme (2% compared with 
27%). 
Essential Decorative 
Background 
Related Decorative Negative 
Decorative 
No 
Picture 
Total 
Addition 46 2 17 2 5 12 84 
Subtraction 24 1 9 3 3 2 42 
Multiplication 26 1 5 2 1 8 43 
Division 14 0 9 0 2 3 28 
Total 110 4 40 7 11 25 197 
Table 19 Abacus - Illustration type compared with number operation 
Like the Heinemann scheme, few of the illustrations had a direct relationship to the 
mathematical concept in question (Table 20). 
Clear Link to 
Maths Concept 
No Clear Link to 
Maths Concept 
Total 
Addition 2 70 72 
Subtraction 0 40 40 
Multiplication 2 33 35 
Division 0 25 25 
Total 4 168 172 
Table 20 Abacus - Link between number operation, illustration and mathematical concept 
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Since I conducted this analysis, Abacus has produced another version of the scheme. 
In this version the noticeable difference is the change in the illustrations replacing the 
muted colours with very vibrant colours. 
4.4 - Summary of the Textbook Analysis 
The preceding analysis shows that a number of different textbooks are routinely used 
in school classrooms. Of those in current use, the Heinemann and the Abacus 
schemes appear to be the most popular. Teachers use them because they feel they 
meet the objectives, allow for independent working, are easy to manage and are 
pleasing to the eye. In English schools, textbooks have traditionally been used to 
provide individual drill and practice exercises to help children learn mathematics. 
What is surprising is the variation between the two textbooks I examined in detail, 
(Abacus and Heinemann). The Heinemann textbook had higher numbers of questions 
where there were no or just a few (below 5) words in the question, whereas the 
Abacus textbook had much wordier questions. It would follow then, that pupils using 
the Abacus textbook would need to read more in order to find out what they had to do 
to answer the mathematical question and consequently, poorer readers could be 
disadvantaged to a greater extent by the Abacus textbook than the by Heinemann one. 
If the Heinemann textbook had been designed with a particular mathematical 
philosophy in mind it would link well with the work by Heuval-Panhuizen as detailed 
above in that this work is characterised by a conscious decision to keep the text within 
the question to an absolute minimum. 
In terms of illustrations, the Heinemann and Abacus textbooks both contained a large 
number of illustrations that would be characterised as "Essential", but the Abacus 
textbook had far less illustrations that would be characterised as "Decorative 
Background" than the Heinemann one. Presumably, this is because the Abacus 
books, being more wordy tended to rely more on words to "set the scene" and 
Heinemann tended to use illustrations for the same purpose. 
As has already been stated, there has been a move over time for textbooks to be more 
highly decorative and colourful than was previously the case, but this may not 
necessarily be a positive move. As detailed previously, Harries and Sutherland (2000) 
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noted that English textbooks contained far more potentially distracting decorative 
features than their continental counterparts. French textbooks for instance, made 
more extensive use of diagrams that provided more explanation, and linked directly to 
the mathematical concepts being tested. It could be argued that whereas diagrams in 
French textbooks are included for sound pedagogical reasons, pictures in English 
textbooks are provided more for entertainment and ornamental reasons. Both 
Heinemann and Abacus set great store by this aspect of their textbooks, Heinemann 
marketing them as "Inspiring and highly visual" and Abacus as "brightly illustrated". 
However, having observed mathematics lessons in French schools I have noticed that 
there is a difference in the way that textbooks are used. In the French schools that I 
observed, the textbooks were used as a whole class resource, with the class working 
together under the direction of the teacher, whereas in England they tend to be used 
for independent, individual or small group work. 
In both the textbooks analysed there was a lack of supporting information about the 
mathematical concept in question. In the majority of cases, the sums were presented 
as a series of unrelated tasks and there was no extra information available as to why 
the task was required or how the tasks on the page could be related to each other. 
This lack of background information meant that key links between the tasks set might 
not be made by the pupil working alone. Even though the entire page might cover 
sums where a certain number is added, the child might not notice this and just treat 
each sum as an unrelated calculation to be carried out as quickly as possible. This is 
made worse by the distractions caused by the extra elements of the illustration present 
only to provide decoration. 
The analysis of the textbooks shows that there is an overwhelming need for the 
children to access the illustrations in the books in order for the mathematical problem 
to be retrieved, but for these illustrations to be less distracting. 
The next question to explore is how the children themselves use these illustrations, if 
they in fact do, to interpret the mathematical task facing them. 
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4.5 - Children's Perceptions of Textbooks. 
For this part of the research I studied pairs of children as they worked through a page 
from the textbooks that I had chosen. There were three boys and five girls. I have 
also included information from another boy I had observed during a normal 
mathematics lesson but as I had not planned to work specifically with him I did not 
record the conversation. As I was having to conduct these investigations at the same 
time as running a busy classroom with thirty six children and no additional adult help, 
this limited my ability to widen the sample group further. Children were selected by 
the fact that they; 
f were in Year 3 
f they took part in the other maths question study 
f had proved themselves to be capable of achieving the mathematical concept in 
question, having done this on a previous occasion 
f had loud enough voices so their discussions could be recorded above the general 
buzz of the rest of the class. 
Two pages were chosen from the Heinemann Textbook and two from the Abacus 
scheme. They were chosen because they; 
f had a high reliance on the illustration 
f they required concepts that the children had previously achieved 
f my previous experience of using these in the classroom had noted problems of 
interpretation although I had been unable to investigate why. 
The children sat with me and I explained that there were some questions I would like 
them to do but I wanted to know about their thinking and working out which was why 
they were not working with the rest of their group. The conversations were recorded 
on a small handheld digital recorder although the children were unaware of this. This 
deliberate decision to record the children without their direct permission was 
potentially unethical. I took this decision because if the children were aware of their 
conversations being recorded there was a risk that the responses they gave would not 
be truly representative of their thinking. They may well have been inclined to talk 
more about what they thought I would want to hear than what they were actually 
thinking, which would have given false information. Prior to this investigation I had 
formally approached the Headteacher and Governors explaining what I would like to 
do and reassuring them that it was for the purpose of educational research and gained 
their permission to conduct this research. Since it is normal for these bodies to act as 
110 
gatekeepers for the children's welfare I felt that I had gained sufficient permission to 
record the children, albeit covertly. Of course, for ethical reasons, these recordings 
will be destroyed following the conclusion of the research. 
4.5.1 - Types of Illustrations in the Examples Explored 
Unlike the examples in the "Mathematical challenges for able pupils in Key Stages 1 
and 2" booklet, the illustrations in the Heinemann and Abacus text books tended to 
fall into two main categories "Essential" and "Decorative Background". In this 
analysis I used the following illustration types: 
From the Heinemann textbook: 
" Rockets (Decorative Background) 
" Paint Mixer (Essential) 
" Teams of Four question (Related) 
" Cards and Dice questions (Decorative Background) 
* on the same page of the book 
From the Abacus textbook: 
0 Chopping Logs (Decorative Background) 
0 Hands (Essential) 
4.5.2 - Misconceptions which arise from interpreting the 
illustrations 
In order to investigate the children's use of illustrations in solving these textbook 
problems I presented children with specific problems and questioned them as they 
were solving the problems. In each case the pupil's page is presented, including any 
calculations they wrote down as they were solving the problems, followed by a 
transcript of the concurrent discussion we had. The transcript includes my comments 
explaining what I felt was happening at the time. The first problems relate to 
questions taken from the Heinemann textbook and being typical of the analysis 
findings include very little text. The illustrations act as Decorative Background. 
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Following initial settling down, the tape transcript ran as follows; 
Transcript Comment 
RJ With this first one what do you think you are 
going to need to do? 
R Add 11 onto these numbers. 
RJ OK. What do you think S? 
S I think you hmm, have to add 11 onto these 
numbers. 
RJ OK. So how are you going to go about 
adding that 11 on? 
S You could start with the littlest number and 
add the big number. 
R That's 39 
S Add 10 onto the 28 and then added 1 on. 
RJ Excellent. Have a go at the next one then. 
S That's 56 I added 10 onto 40 that made 50 
and added 1 onto the 5 made 56. 
R Equals 68. Added 10 onto 57 equals 67 then 
add 1. 
RJ Excellent. Well done! You're whizzing on, 
doing really well. 
S 84. That's the first rocket done. Here the children are taking 
R On this next rocket you have to add 9 onto it. note of the illustrations 
RJ OK. So what strategy are you going to use because they comment on the 
this time? way the sums have been laid 
R Add 10 take away 1. out on a rocket rather than 
S 28 add 10 equals 38. Then yeah, I have to indicating the first few sums 
take 1 away because 9 is 1 less than 10. OK have been completed. 
next one then. 
S 64.62 add 9 equals er, equals 71. 
R I've done it. What's the next rocket about. 
S You are adding 21 on. 
R er I'll add 10 add 11 
S Add 20 and then add 1.95 that one (referring Throughout this part the 
to question 2d). children have indicated and 
reinforced a strategy for 
The children work quietly at questions 3a and 3b successfully adding on near 
multiples of ten to any 
S 66 add 20 equals 86, er 87, yeah, 87 number. 
R 72 add 20,92, add 1,93. I've finished! 
S Next one. Add 10 then add 9. I could add 18 
then add 1. No. I'll add 20 then take one 
away. 22 add 20. 
R It's 42.41! 
S Next ones 35, add 10 equals, that would be 
55. Yeah take away 1 54. Number 3,59 add 
19, hmm these are hard 
R Add 10 would be 69 
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S 79 
R 78 
RJ You have been doing well. For number 1 
you added 11, then we added 9, number 3 we 
added 21 and 4 we added 19. Now onto 
number 5. 
R We're adding 
S We're adding nothing 
R It tells you the answer adding 30. 
S It tells you the answer. That's silly. 
RJ Yes it does, so what do you think you have to 
do? 
R It's adding 30, it's adding 30, adding 30 
S It tells you the answer Yea. 25 add 29 makes 
55. No. 25 add 20 equals 40, not 69. 
R That's 69. er. 
S hmm. I don't know what to do. 
RJ What is making that one a little bit trickier? 
S Adding 29 and it's odd. 
RJ It's odd, what do you mean it's odd? 
S 29 is an odd number 
RJ OK and what was 19? 
S That was odd, so that's not right. 
RJ You were pointing out the middle one can 
you use that at all? 
S hmm, er 
R er 
RJ Does this one in the middle help you at all? 
S hmm sort of. 
R No. Its got a different number to the others. 
RJ S, you said sort of. 
S It has 25. You could add 30 then take away 
1. I think it's 30 you just need to take away 
1. 
RI know 74. 
S Do we need to do that one (points to the 
rocket containing 5a and 5b). 
RJ What do you think? What do you think it's 
there for? 
S Cause er, cause, er, it's always using 25. 
RJ Right so each of those has used a 25 but the 
other numbers are different aren't they. 
R 29,30,31 
S They count one 
RJ Do you think that helps you then? 
S No. I'll just ignore that. I'll add 25 and 31. 
25 er 35, equals 20 add 30 is 55 and then it's 
56. 
R We've got the tricky one out the way. 
S Yeah! 
The children had developed a 
strategy and procedure for the 
addition of near multiples of 
ten. The situation with this 
sum was different and their 
procedural knowledge now 
begun to show potential 
limitations. 
As the children become 
unsuccessful they are 
consistently looking back at 
parts of the problem and 
struggling in trying to figure 
out how to solve the problem 
spending a great deal of time 
re-examining numbers. 
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R It didn't tell you, it had different adding 
SI understood the two addings but that one 
(points to middle sum) was odd. 
R Number 6 is just one of them. 
S And it's easy. 33 add 29. Nearest lot of 10 is 
30. 
R 30 add 20 
S That would be 43,53,63 take away 1 is 62. 
I'm on number 2. It's my last one almost 33 
add 31 equals 
R 64 
What this transcript demonstrates is the way that the drill and practice of adding 
multiples of 9 or 11 reaffirmed their rules about mathematics. The children worked 
confidently and speedily through questions 1 to 4. However, question 5 caused them 
great difficulty (the point when the children reach question five is identified by the red 
text in the transcript). The illustration of a rocket shows an example solution in 
between two questions. The middle solution adds 30 to 25, the other two questions 
add 29 and 31 respectively. The inference is that they should see the pattern of 
adding 30 to be similar to adding 29 or 31. However, the children found the 
mathematics confusing and the illustration caused greater confusion as they tried to 
read the rocket from the nose backwards, perhaps because they assumed that it was a 
rocket travelling forwards to be a clue to the calculations required. Having no text to 
guide their thinking only reinforced their need to use the picture. Their previous 
experience of questions 1 to 4 had established what they needed to do and they had 
been successful. Having the central solution in a different colour was probably meant 
to highlight this as different from the two questions either side, but it actually caused 
some of the confusion so that they were unable to recognise how they could use the 
information to make a quick calculation of the sums on either side. After a long 
debate they reverted back to their successful method that had worked for the previous 
questions. I believe that their decision to revert back to their previous strategy was a 
success. The confusion of the picture in question 5 had been detrimental because it 
made them doubt the rules they were learning and there was not sufficient information 
available for them to modify their understanding of the rules. 
In the next example taken from the Heinemann Textbook the picture is essential to the 
calculation. Again two children were consulted as they attempted to answer the 
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question. David and Claire both have been awarded a national curriculum level 3A in 
their optional SATs. 
4 
52 -la -ý I u,,, L 
litres litres Mixer 
\ 83 litres 
(a) How many litres 
of red paint? 
1itre7 
60litresý 
(b) How many litres 
David's work (his answers have been written faintly in pencil on the colour mixing 
pots related to the question). 
4 
Paint 
Mixer litres litres irres litres 
83 litres 60 litres 
i (a) How many litres (b) How many litres I 
of red point? of blue paint? 
1. 
/ICU als 
/30 
/I r7 
The transcript of this session went as follows. 
Transcript Comment 
RJ We have this problem here that I'll like Because the meaning of the 
you to look at and see how you would question has not been made 
solve it. (just over two minutes passed explicit, the children are unable 
with the children making no comment). to grasp the intended meaning to 
You've been looking at it for a while now. its fullest extent. 
What do you think? 
CI don't know 
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RJ Have you got any idea what you think this 
is about? 
C No. No idea. 
D Do you have to try and guess what that is? 
Sort of thing. (points to the picture). The illustration is linked with the 
RJ OK What made you think you have to try concept of colour mixing but as 
and guess what that one is. this is unclear to the children the 
D That looks like it's empty. problem requires a great deal of 
C Do you have to add that with that (points effort to interpret and so aid their 
to the two numbers). Cause you have 52 thinking. 
and 83 and you need to find that number. 
80 add 50 er, 90,100,110,110,120,130, 
135 
RJ Would you agree with that D? 
D I think you have to add something to the 
52 to make 83. If you add on the yellow 
31.50 add 30 is 83,3 and 1 is 3,83 So 
the yellows make 83. 
RJ What number would go in the blue? 
D If the two yellow made 83 then the red and 
blue must make 60. 
C 60 add 31.60,70,80,90 add 191. 
D That's not right 31 (red) add 30 is 61 so 
the blue is 29. 
RJ I'm going to ask you something about art. 
If you are mixing paint and you want to 
make orange what colours do you need? 
CandD Yellow and red. 
RJ Right. What about green? 
CandD Blue and yellow 
RJ You're right. Could you use that 
information for this problem? 
D It says paint mixer here but no. 
C No. That's art and this is maths. 
RJ But this side has red and yellow to make a 
pot of orange paint and this side has blue 
and yellow to make green. Here the children are separating 
C But you still need to add the numbers. the curriculum into subjects and 
D You don't measure paint, you mix it. no correlation is made between 
C Anyway that's art not maths. the reality of mixing art materials 
D Yea. This is maths. and use of mathematics. 
This pair highlighted a number of very interesting notions. At first it was very unclear 
to them what the question required. The question obviously had two parts (4a and 4b) 
but the illustration indicated one single question. They were unable interpret the 
illustration as a `factory line production'. With no text to introduce the concept, they 
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had to rely solely on their interpretation of the illustration which they were failing to 
do. 
Claire did seem able eventually to distinguished the two parts of the diagram but 
unfortunately assumed the two numbers had to be added together rather than the 
algebraic equation of 52 +x= 83. David however saw the diagram as a whole and 
quickly made the connection between the two yellow containers when added together 
make the 83. In my opinion it seems unlikely that this was the intention of the 
designers. I fully expect the question was to be of two separate parts, 52 +x= 83 and 
part b, x+ 31 = 60. For David, this logic of using the two yellow containers had to be 
compromised in order to find the amount needed in the blue container. This he was 
successfully able to do. 
The illustration appears to have been designed with children's experience of colour 
mixing in mind. However the two children were not able to transfer their experience 
of colour mixing to that shown. Not only was there the problem of measuring the 
paint but they demonstrated clearly how two separate curriculum subjects are seen in 
defined roles. Their knowledge of art was very domain specific. This domain 
specific idea was reinforced in that 'maths is maths' and under no circumstances 
should art be allowed or expected to intrude into the mathematics arena. 
The next two problems are taken from the Abacus scheme. The first of which 
Adding to 10 
Eoch log is 
split in 2 
6 
Write different ý-y 
pairs of numbers 
for euch log. 33 
3+ 3- 6V 
S 
i7 
6 q 
t 
7 6 5 
tick ý`35 
I I-pi, .Ol 
"' 'f=9 
ý5+3 Ls- 14 - 
involved the workings of Hilary, a 
Year 3 girl who obtained level 3B in 
the optional SATs and Louise, who 
was awarded level 3B as well. The 
illustration is related in that a log is 
seen being split in two, reinforcing the 
written instruction. 
Hilary produced the following written 
work. 
Adding to 10 
s 
WnIP f11HPcn1 
n, ,, ". 3+3_6 
S 7s 
6 $9 
7 gS 
%43- 
1, ý3 _7 
3f5 
2ý 
This is the work produced by Louise 
The transcript referring to this exercise was as follows; 
Transcript Comment 
H You have to split the log into two parts so it's 
not the log but the number. 
L2 and 3 make 5 
H But on this first one it is 6 and half of 6 is 3 so The objective of the exercise 
you must be splitting the log in half. Half of 5 was to identify whole 
is 2 and a half. number bonds yet one child 
L You can't split 5 cause it's odd. is being convinced by the 
H You can if you split the odd number left, it illustration that dividing the 
makes half, so half of 5 is 2 and a half. number into two equal parts 
L What about 7 then? is required. In this the 
H That will be 3 and a half. illustration is conflicting 
L Well 4 and 3 make 7 so it could be 4 and 3. with the objective. 
H Maybe there are lots of answers. You write 
down yours and I'll write down mine. The 
pictures shows the log cut in half so it must be 
equal parts. 
(L appears to be persuaded by H's reasoning and for 
question 4, divides 5 exactly by 2. However, H 
appears to be persuaded by L and uses whole numbers. 
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For the remainder of the exercise whole number pairs 
are used by both children). 
The discussion the children had at the beginning of the exercise illustrates how 
children will make a literal interpretation of the illustration. It could also indicate that 
Hilary, by only working with halves of numbers, was working within the realms of an 
arithmetic operation with which she felt "safest". 
Due to my classroom obligations the final pair of children had to work independently. 
I had begun the session with them but quickly found another commitment which 
meant they were left working as a pair. Their conversation continued to be taped. In 
fact I believe it was a fortuitous opportunity as it gave an indication of their true 
workings without the pressure of an adult being present. 
The pair consisted of Zoe who achieved 3C in the optional SATs and Bobby who 
achieved level 3B. The mathematical concept involved the children multiplying 
groups of five. As with the other pairs it was a concept the children had achieved in 
other work prior to the activity. 
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Wnte how many I 
fingers are on euch 3x1 51 
set of fxmds 
mIii. 
XS; 4ý5 
oXS; so 
7ý5=3s 
Work by Zoe. 
Write how man; 
fingers ore on me^ x rj =i ýJ 
tier of bonds 
Výv 
yyýý ýi1yý ýýý[ry 
M 
II 
+4 12 
7.116, jý 
6 
guy , nit 
1-4 
5 Xr=ºtD 
Work produced by Bobby. 
I explained that I wanted them to think aloud as they worked on the task, even if I had 
to leave them. At this point an unexpected visitor entered the classroom so the 
children were left for the next few minutes. The following transcript is taken from the 
point when I had left them but before they had begun the task. 
Transcript Comment 
B I watched Red Dwarf (a television science The illustration had triggered 
fiction program) last night and this man, B to recall a television 
Lister I think, had three hands. He had programme which distracts 
chopped off the hand of an alien and used it him from the task and the 
to open the door. He had three hands just absurdity of the programme 
like that one, although his were darker. leads him to recall an old joke 
Z Was it all gooey? about the number of fingers on 
B There was blood dripping from the wrist not a hand. 
like these but about the same point. He hid it The picture has evoked a 
in his jacket. different level of response 
Z Yuk! We better get on. How many fingers than that intended and B was 
on each hand. unable to now filter out the 
B 4 extraneous stimuli. 
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Z What 
B4 the other one is a thumb. 
Z This says it 3 times 5, it even gives you the 
answer so it must be 5 fingers on a hand. 
B That's silly because you have 4 fingers and 1 
thumb so the book's wrong. It should be 3 
times 4 which is, 4 add 4 add 4,4 add 4 is 8 
add another 4 is 10,11,12.12. 
(the conversation ceases for a while as the children 
work independently. ) 
B This is all wrong. The hands don't even 
match. One is missing. (I believe B is 
referring to question 5 which has an odd 
number of hands shown) 
Z Maybe it's like ..... (At this point Z uses the 
name of a child in the class who following a 
lower arm amputation only has one hand). 
B They won't know about ..... It's wrong 
again. 
A conflict occurred here 
because the illustration did not 
match the reality of people 
having two hands. However 
because the children through 
personal experience were 
familiar with the notion that 
not everyone has two hands, 
they were trying to justify the 
`mistake' in the book. 
The work from Bobby indicates his belief that as the hands were not in pairs for 
questions 8 and 9 he continued to assume one hand was missing so the sum was not 
attempted. It was interesting to note how he continued to work within the belief of 
four fingers per hand whereas Zoe followed the conventional expectation of multiples 
of five. She saw this as a mathematics problem whereas Bobby was being influenced 
by his real life experiences. 
4.5.3 - Critique of a page from a mathematics textbook 
The final observation concerned a boy working on page 60 of the Heinemann 
textbook (shown below). He had problems determining the requirements of the 
problems illustrated on the page which is not really surprising in that, even to an 
adult, the question requirements are quite vague and open to interpretation. Since this 
page is typical of current textbooks I feel that at this point an in-depth critique of the 
whole page would be appropriate here. The questions on the page are designed (I 
believe) to reinforce children's multiplication and division skills. 
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I There are 27 children. 
(a) How many teams 
of 4 can be made? 
Rý4 i1Aý 
U. 0 
lo, ot) 
(b) No more than 4 children -3-9 
can sit at a table. 
How many tables are needed? 
2 Each child must have 10 cards. 
How many children can play? 
3 How many pairs of dice? 
4 The dominoes are shared 
equally among 5 players. 
How many dominoes does 
each player have? 
5 Each shelf can hold 3 jigsaw 
How many shelves are need 
to hold 25 jigsaws? 
1. I found that I could interpret the first question in three different ways. It is 
divided into two parts and uses a group of 27 children. The first part asks "How many 
teams of 4 can be made? ". Presumably the requirement here is a simple division, 27 
4=6 with 3 children left over. But some very able children could understand the 
question in a different way in terms of the number of combinations or permutations 
possible. In this case the question would be much harder, but by no means 
impossible. If the first part of the question is interpreted in this way then the second 
part of the first question seems laughably easy. Alternatively, if the question is 
interpreted in its simpler form, then the second part of the question is asking for 
almost exactly the same calculation as the first part of the question. The only 
difference between the two parts of the question involves the considerations of the 
remaining 3 children. 
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However, a third, even simpler solution is possible. The illustration actually shows 
the 27 children in groups of 4 except for one larger group of 7. A child reliant on the 
illustration could just count the various groups in the picture and come up with a 
correct answer. Using this method they would not need to carry out any mathematical 
operations apart from counting. 
2. The second question on the page shows a picture of what look like playing cards 
with an ethereal number 52 above them. It seems that in this case the illustration is 
just to show that we are dealing with playing cards and the number shows how many 
there are. Many children would be confused by this seamless movement between 
illustration and information and tried to count the cards in the picture. In this case the 
ethereal number just got in the way. Indeed, with such a small amount of written 
information on the page it is unclear even to an adult that this is exactly the 
conclusion we must draw about the number of cards involved. Only the fact that there 
are 52 cards in a standard playing card pack would tend to sway one's mind. 
However, crucially, this information is much less likely to be a known by a child and 
even if it is, they may be equally aware of other card games, Happy Families or Top 
Trumps for example, that do not use 52 cards. 
3. The third question involves a picture of a pile of coloured dice again with an 
ethereal number 17 hovering over it. The question asks "how many pairs of dice? " 
but gives no indication of how they should be paired. Again a number of solutions 
could exist. The simplest answer would be 17 -2=8 with 1 left over but the dice 
could also be paired by colour, either the same colour as a pair or a different colour as 
a pair. Similarly the dice could be paired by position or by which number was 
uppermost. 
4. Question 4 shows a pile of dominoes again with an ethereal number 38 floating 
above it. The question asks how many dominoes each player would have if they were 
shared equally between 5 players. Again the simple answer is 38 -5=7 with 3 left 
over. Crucially though, the dominoes come in two different colours, a most unusual 
way to play a game where you are trying to conceal what you have in your hand! 
Again an alternative answer would be to try to count the number of dominoes in the 
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illustration and use that number to formulate an answer. Another would be to attempt 
to divide the dominoes based on the numbers they show. 
5. Finally question 5 is a simple division. 25 jigsaws need to be stored on shelves and 
each shelf can hold 3 jigsaws. How many shelves are needed? Of course the answer 
is meant to be 25 =3=9 shelves, 8 with 3 on and 1 with 1 on it. The illustration in 
this case however is extremely misleading. If one looks closely at the illustration 
some things strike immediately. The child has placed only one jigsaw on a shelf 
before starting another shelf. The size of the jigsaws in the picture mean that you 
couldn't fit three on a shelf and the boy is having trouble reaching the fourth shelf - he 
couldn't possibly reach to place a jigsaw on a ninth shelf! 
It is important here to realise that although the questions detailed above are severely 
compromised by their inability to clearly detail what the child is required to do is by 
no means unusual. This is typical of a page from any textbook in common use in 
school classrooms today. In addition these textbooks are meant to be self explanatory 
and that the child should be able to work through the questions without much 
reference to the teacher. In this sense they are directly analogous to the "drill and 
practice" books that have been used routinely in mathematics teaching for much of 
the last century. As has been shown though, the desire to make the pages interesting 
and colourful has had a devastating effect on the actual content - in some cases 
making it too dense to be understood by the client group -a child learning 
mathematics. 
If the misunderstandings given above seem far fetched I include here an example of 
work from a child that had tried to solve the questions on this page. My observations 
were recorded immediately following the lesson. The boy, Alan, was awarded level 
3C in the Year 3 optional SATs. The page (page 60, above) is taken from the 
Heinemann textbook and contains a mixture of essential and related pictures. 
In question 1 (a related illustration) he did not count the total number of children in 
the illustration but did count the groups to check there were four children in each 
group. He then focused on the group of seven and split that into a group of four and a 
125 
group of three. He then counted up all the groups of four illustrated on the picture, 
including that from the group of seven. 
For question two he counted up the number of cards he could see (20) and divided 
that by the ten. He made no reference to the 52 indicated. It may have been that he 
was unaware that there are 52 cards in a pack so the number had no significant 
meaning and just prevented him from being able to count the number of cards clearly. 
On question three he made up pairs of dice only using those in the picture and pairing 
them only by the same colour. He therefore gave the answer of two pairs of red with 
one left over, two black pairs and three blue pairs with one left over. This gave a total 
of 16 dice. 
On question four he tried to count the number of dominoes but the 38 was `in the 
way' so he guessed it to be about 20 based on his counting of the playing cards. 
Question five (a decorative illustration) he did not attempt because there "wasn't 
enough jigsaws you can see". This question was then done as a conventional division 
sum which he worked out correctly using his three times table. From his SATs results 
Alan would be considered as being a low achiever in reading and it may be because of 
this that he was accessing the pictures more frequently and became over reliant on 
them for information. Hegarty (1995) identified that unsuccessful problem solvers 
looked back at parts of the problem which indicated that they were struggling to 
figure out how to solve the problem. Alan appears to have followed this trend being 
unable to focus on the words that would inform him what to do but tried to work from 
the illustration alone. 
At no time during his working did he make any reference to the numbers indicated on 
the centre of the illustration apart from when they were `in the way' which prevented 
him from counting the number of cards, dominoes or dice. What is of interest is that 
where he was unable to use the picture at all (question five) he relied totally on his 
mathematical knowledge and skills. It was pure coincidence that I happened to be 
sitting at his table when he was completing this work and as such I was able to 
observe why his answers were incorrect and to an extent understand the logic of his 
working. If he had been working independently, a reason why teachers chose these 
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teaching materials, and I had only seen his answers, my understanding of his mistakes 
would have been based upon the division concept rather than his misinterpretation of 
the sum presentation. My subsequent teaching would therefore have been unlikely to 
address his specific need. 
4.5.4 - Illustrations as a stimulus for focused discussion 
A number of key points arose from the observations of children answering textbook 
questions. The first point involved the degree to which the children are distracted by 
their own experiences, maybe giving more weight to their underlying knowledge of 
the world than the question demands. For example the child who saw the log being 
cut into equal parts came away with the impression that the number in the question 
also had to be divided into equal parts although this was not really the case. 
In each case, if the question differs a little from reality, it is unclear how much 
credence the child will place on the picture alone and how much will be provided by 
his or her understanding of the world. In many cases, the child places more weight on 
the things they believe that they know about the world than on those they do not yet 
know. However, some children are able to suspend reality and focus purely upon the 
mathematical element of the problem. This may be clearly an issue of relative mental 
development. Some children are more able to "think outside the box" than others. 
Providing an illustration that provides an opportunity for ambiguity may allow some 
children to apply their creativity in a situation where this is not actually required. An 
example to illustrate this would be the child who saw a link with what they had seen 
on the television programme "Red Dwarf' and had a different interpretation of the 
number of fingers one has. The impression here was not that they misunderstood the 
illustration but that there was more than one way that the illustration could have been 
interpreted. Since children are often asked to be creative it cannot be surprising when 
they are creative in situations where this is not required and is not the intention of the 
task. 
This is clearly illustrated by the child stating that paint mixing is nothing to do with 
mathematics, but art. In this situation mathematical modelling would seem to be an 
entirely appropriate way in which to present the problem, based as it is on the ratios 
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of the primary colours required to create the colour required, but in this case the 
relationship was not one that was easily grasped by the pupil. Although the intention 
of the designer may have been to provide a question that seems to be child-friendly 
and appropriate, because it is not explicit and children are not as adept at reading 
illustrations as adults, a degree of confusion arises as to the requirements of the 
problem and the incorrect solution is provided due to the ambiguity of the question 
arising from the way the problem is presented. The case of Alan is a good example. 
As he wasn't able to access the written information he therefore became over-reliant 
on the illustration, resulting in a complete misunderstanding of the nature of the 
problem and the solution required. 
The second point involved the application of mathematical knowledge. Children tend 
to look for a procedural way of solving the problem and once they discover a 
procedure that seems so work, assume that they have discovered the appropriate way 
to answer the question. For example, some textbooks present the information in a 
simple formulaic way (adding eleven to a series of numbers for instance). Once they 
understand the rules of the question, children find them easy to answer because they 
are able to follow a procedural strategy. Each new answer confirms that their strategy 
is indeed the correct one and they feel increasingly competent to solve such problems. 
If other similar questions are posed in a totally different way however, children often 
miss the link with what they have practiced before and find such questions difficult or 
completely incomprehensible. In many cases these problems are as incomprehensible 
to adults as they are to children. 
For example, what is this question asking the child to do? In this case the middle sum 
is an example to be used to solve the two questions (a) and (b) but this is not very 
clear and goes against our natural inclination to read both text and mathematical sums 
from left to right. To add to the confusion, the children paid more attention to the 
illustrated movement of the rocket and attempted to read the problem from the nose of 
the rocket backwards towards the left. 
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4.6 - Summary 
During this chapter I have shown both that textbooks are widely used by teachers and 
that the presentation and illustrations on the page do have an effect upon children's 
problem-solving work. The analysis of the two textbook schemes indicates how 
widespread essential pictures are in the books, sometimes appearing to be at the 
expense of detailed written instructions. The work conducted with the children 
illustrates how reliant the children are on using the pictures and that for some it 
prevented the children from understanding the intended task. Children, especially 
those who are poor readers appear to read the pictures just as much as they do the text. 
This leads to a myriad of interpretations of the requirements of the question and 
consequently having a direct result upon their mathematical success, often impacting 
negatively on their work. 
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Chapter 5- Challenge Book Questions 
5.1 Introduction 
In this section I examine the results obtained from the challenge book questions. 
Each task within the challenge booklets is introduced and the differences between 
each illustration type explained. On examination of the answers the children 
provided, a number of key themes emerged. These are described and illustrated with 
examples from the various question types. In order to investigate the effect of reading 
ability on a child's ability to solve mathematical problems a comparison is made 
between the results from a group of poorer readers and those from a group of better 
readers. A discussion and summary then follows, relating the findings to the literature 
review. 
5.2 - Overview of the tasks 
All the questions in the challenge booklet originated from the Mathematical 
Challenges for able pupils in Key Stages 1 and 2 (2000) document although the 
accompanying illustrations were adapted (by changing the illustration in some way or 
removing it altogether) so that they matched the group of illustration types developed 
in this study. For the control questions, i. e. those questions that appeared in their 
original form in all test booklets, the original illustration was used. There were four 
control questions, Snakes and Ladders, Roly Poly, Ski Lift and Three Monkeys. These 
are described and illustrated below. All the other question types appear in the 
appendix in all their different formats. The different coloured question booklets were 
created as described in the methodology chapter, with the questions presented in the 
order shown in Table 21. 
Snakes Gold Bars Fireworks Roly Spaceship Ski Lift Queen Duck Three 
and Poly Control Esmerelda's Ponds Monkeys 
Ladders Control Question Coins Control 
Control Question Question 
Question 
Blue Essential Negative Decorative Related Related Decorative Essential No Picture Negative 
Decorative Decorative 
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Red Essential Decorative Related Related Essential Decorative No Picture Negative Negative 
Decorative Decorative 
Yellow Essential Essential No Picture Related Negative Decorative Decorative Related Negative 
Decorative Decorative 
Green Essential Related Essential Related No Picture Decorative Negative Decorative Negative 
Decorative Decorative 
Purple Essential No Negative Related Decorative Decorative Related Essential Negative 
Picture Decorative Decorative 
Table 21 Question type and booklet colour 
Snakes and Ladders was the first task in the booklet and was used as a control 
Snakes and ladders 
Yotr pointer is on 9. 
You roil a1 to 6 dice. 
After two moves you Tand an 16. 
Find oll the different ways you can do it. 
Now think of other questions you could ask. 
question, appearing in all 
booklets in the same format. 
Only the original version was 
used. The picture in this 
question was essential because it 
was the only way children 
would be able to identify where 
the snakes' heads were, and 
therefore recognise that landing 
a counter on those squares 
meant travelling down a snake. I 
made the assumption that all the 
children would be familiar with 
the rules of a snakes and ladders game. The counter needed to be moved 7 squares 
avoiding the second and the sixth squares (it begins on square 9 and finishes on 
square 16). Therefore, avoiding the snakes, there are four possible ways to get to 16 
in two throws: I then 6; 3 then 4; 4 then 3; 5 then 2. 
The second task in the booklet was Gold Bars. The item was revised in order to 
provide the required five illustration types and distributed amongst the booklets as 
shown in Table 20. In this task, Pete the Pirate has to redistribute the piles of gold 
bars so that, within two moves, each pile contains the same number of gold bars. The 
official answer to this question is "Move two bars from pile 1 to pile 3. Move one 
bar from pile 4 to pile 2" (DFEE 2000: 102) This official answer implies that Pete has 
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to end up with the same number of piles as he started with, a fact not emphasised in 
the question. Due to this ambiguity an alternative solution is possible - move pile 2 to 
pile 4 (or vice versa) and move pile 3 to pile 1 (or vice versa) - to make two piles of 
eight. Since the task is ambiguous I decided to accept both answers as correct, the 
official correct answer (4 piles of 4) and the alternative correct answer (2 piles of 8). 
Booklet Illustration Question Characteristic 
Colour Type 
Blue Negative I altered this illustration 
Decorative 6'ßd Bars by adding extra gold bars Pets Is a pwat°. 
wsVWbwv. W few , da.. to each pile in order to 
I. "° +W.. POa he hm 6 e. ".. ensure the illustration In tN° =COW pi° OW INS 3 bars. \i ý" 
In l$w wk he _b. contained far more gold In flr far1A y4 Ir hn 3 bý"a. 
bars than indicated in the Mý aa° arwt aua r n°'e bars St . lw. 
ý- ý 0-1 
question. The large 
numbers could cause 
; confusion. 
H. wads ON flit puss th° sre WOW. 
Fk Weds just too w°v°s. :. v om 
t ý ýy Flew did he do it? 
_.. ý_. ° 
Green Related The illustration used is the 
original but I added to the 
Gold saw text so that the text 
reflected accurately the W° y°W 6°n or* N for pAu. 
number shown in the In th° fist pN° he law 6 bes. 
IN *° $WNW Pk he hu 3 bom. illustration. This is likely I. , 6c third pile he hs. 2 ears. 
Li the f wk he ho 5 bws. to make miscounting less 
º6CM MM Oft Or ° bumatatim.. likely. 
y ul' o-? 
J 
14 . Wade ON the plies the $am h°iit 
ý-+ He I just 
d}? 
ýIOYit. 
did h How ý''/ it li? 4h 
/ 
0 (J e e 
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Y ll i E l O i i l i ow e ssent a r g na Quest on, 
Gold Ba m therefore no changes were 
Pete a pirwte. made. His gold bars an in piks. 
He can N oae or ware bars at a fiw°. 
Children have to count the 
bars in order to find out 
how many Pete has. 
r 
// 4Gp 
He made Or t"la piles the fa{ height. iT 
He made JWt two mores. 
H did h ar e do it? 
Red Decorative For this category I 
Gold Bars incorporated into the text, 
Pete OR P:. º°- sentences which give the 
,t ld bat are A four 
i-ý correct number of bars 
In the first Pik he h= 6bars- required to answer the in the recall pie he has 3 bas. 
IN +k third Pik he h= 2 bars. rr question. I incorporated 
TA the "'' rails he "`' °ais only two gold bars in the 
Yý`ý 
He cm ran I 
illustration to illustrate a 
one or t gold bar but not enough b°" at ° """ are seen to reflect the text 
information. It could 
He ýaaý 
p The cone height. encourage children to 
pX 
Fk made jW iw0 motes. 
 draw gold bars onto the 
picture thereby 
Now dd he d° rt' concentrating on their 
calculation. 
Purple No Picture For this category I 
Sold Bars removed all the 
PM is ° p, , °. illustration but added to His gold bars are in f°°' o''"" the text the required 
In The first vile he has 6 bars- information concerning 
In the "`°"d °"° he has 3 bars. h 2 I h d i h h the gold bar arrangement. nt et ir p e e o bas. 
In the fourth pile he ho s bers- Having just the words 
He cm mm °, K or mare ban at a time. may oblige the children to 
consider this as a we W4& ON the Piles the MM height. 
H ON& J Mt two +o+. mathematical calculation. 14. did he don? 
The next question, Fireworks, consisted of two parts, each part requiring two 
answers. The item was revised in order to provide the required five illustration types 
and distributed amongst the booklets as shown in Table 20. The premise was that 
Emma was setting off fireworks and particular fireworks produced either 3 stars or 4 
stars when they were lit. In the first part, Emma's fireworks made 19 stars in total, so 
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there are two possible ways in which this can be achieved -5 fireworks which made 3 
stars and 1 which made 4 stars; or I which made 3 stars and 4 which made 4 stars. 
Although the child was obviously required to use calculation in order to find an 
appropriate solution, an additional complication arose because, in the original version, 
the illustration itself provides a valid solution. By simply counting the number of 
stars in the original illustration a correct solution could be achieved, even though the 
child had not carried out any calculations to solve the problem. 
Booklet Illustration Illustration Characteristic 
Type Type 
Blue Decorative To make this 
Fireworks illustration 
Eanna had somme fireworks, decorative I 
Some mad` 3 sea Swint Wade 4 store. included an 
example of the 
fireworks but the 
number of stars 
seen coming from 
the fireworks 
does not match 
Altogether Ewsma's fireworks made 19 stns. 
NOW mr of "hei made 31 , at the text. They Fmd two Jiff nt °"""". show either two, 
what if E"""', Nr"ae made 25 stars? three or five 
Find two different answers. 
which could 
mislead the 
children from the 
three or four stars 
stated in the 
question. 
Green Essential To make this 
Fireworks illustration 
Ehad sowne fl ewai essential I Each of the two types mode different maw ers of stets. removed the text 
which gave the 
numbers of stars 
which each type 
of firework could 
, make. Therefore 
the children have 
Altogether E. mne". t. mode 19 s. to interpret the Now many of thean mods 3 hors? illustration to Find two & ff~ answers. find out how What if Emmas fiarorL. mode 25 stars? 
Find two Jiff , answers, many stars the 
two types could 
make. 
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Yellow No Picture No illustration, 
Fireworks therefore the 
En,,, had swis f 
illustration has 
Sam '3o. been removed Some mode 4 stars. 
although no 
Altogether Enveos fireworks 19 stars. chan es to the How many of them mods 3 stars? 
Find two different answers. text was required. 
What if E, M"s fint. «+.. mode 25 stars? The children's Find two different mss. comprehension of 
the questions has 
to come from the 
text alone. 
Red Related This is the 
Fireworks " original question 
therefore no E-no Md sam fires. 
Some made 3 stars. changes were 
Some mod` 4 stars. made. The 
illustration 
reinforces the 
numbers of stars 
4 ?ý each type makes 
as explained in 
the text. Altogether Emmas fireworks made 19 stars- 
How many of then erode 3 stars? 
Find two different answers. 
What If Emma s fireworks made 25 stars? 
Find two different answers. 
Purple Negative 
Fi r 
To make this 
Decorative rewo ks illustration fit the 
Emona had some r .«. S d 3 ' category I ons 'no e stars 
Some ,,,, k 4 included an 
excessive number 
of fireworks. 
ýa Therefore far 
more stars than 
the 19 or 25 
Altogether E "s w. made 19 stem. described in the How W. MW of them mod` 3 stars? text are shown Find two different answers. . 
The fireworks 
Wham if Frs fireworks wade 25 stars? Find two different answers. however do only 
display the three 
` ý 3` or four stars. 
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The next task, Roly Poly, a control 
question, required the pupil to use 
their understanding of a dice to find 
out which number is face down. 
This task utilises six sided dice and 
the picture is categorised as related 
because it reaffirmed the number of 
six sided dice required (dice of many 
differing sides are in common use in 
school classrooms). The task states 
that "the score is the total number of 
dots you can see", but the question 
does assume that in order to 'see' the 
Roly poly 
IThe dots an opposite faces of a dice odd up to 7. 
1. Imagine rolling one dice. 
The score is the total number 
of dots you can set. 
You score 17. 
Which nunber is face down? 
How did you work out your answer? 
2. Imagine rolling two dice. 
The dice do not touch each other. 
The score is the totalrrrnber of dots you can see 
Which nunbers are face down to score 30? 
child would have to move so that they were able to see all four sides and the top of the 
dice. If you could only see the dice from a stationary position then only three faces 
would be seen. If these faces were the three highest numbers 6,5 and 4 the maximum 
number that could be "seen" would be 15, therefore 17 would be impossible. 
Depending on how the word ' see' is interpreted, this might be seen by the pupil as a 
trick question. 
In the next task, Spaceship, the question was again presented using the five different 
illustration types. In this task there are two types of aliens, with either 3 legs 
(Tripods) or 2 legs (Bipods). Given that there must be at least two of each type of 
alien, the question gives the total number of legs present and the task requires the 
pupil to calculate how many of each type of alien could be present. 
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Booklet Illustration Illustration Characteristics 
Colour Type 
Blue Related The original 
Spaceship 
version therefore 
no changes were 
made. rX, The illustration 
reaffirms the 
Sol ne Tripods and Bipeds flaw from plant zero. 
information in 
lucre were at Was two of `ach of ""'". the text in that 
Tripods have 3 legs. ' the aliens are 
Bipods how 2 legs. 
Them were 23 legs altogether. o% .G shown with 
Now many Tripods were "we? either two or How "'"" s'po°`' three legs. 
Find two different 
i i Green No Picture The llustrat on 
Spaceship has been 
removed but the Some Tripods Bipads few from P ze- 
There were at least two of each of thm. text is 
unchanged from Trip*ds haft 3. 
eipoas ream 2 lep. the original. The 
There "e23 legs °"°90" relevant 
How imny TTripod: s were there? characteristics of 
`- "-" sipods? the aliens are 
F'"° two diff~ °"s n. contained within 
the text . 
Yellow Negative To fit this 
Decorative spaceship category I 
included an 
excessive 
J number of aliens. Q This was to be 
4 
the only point of 
potential 
confusion 
therefore the Some Tripods and Bipods flew from planet Zeno. 
There were at leart . of each of them. aliens 
have the 
T requisite number ripods hove 3 W95. 
legs. Bipods have 2 of legs although 
w 3 There k9s altogether- the total seen is 
Ho" "'°W T ads were ""^`' in excess of the HOW -MV OiPods? 
total identified in Find two different anass. 
the text. 
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Red Essential The text has 
Spaceship been altered to 
some T,; pocis ani e, mow , pes. ZOW. remove the 
There were at least two of each of them. 1 sentences which 
There were 23 legs altogether. , 
tell the numbers 
ßv0 ý' -ö of the legs each Tripoft there? How many wee 
How Many ems? alien type has. 
The prefixes tri Find two different a were. , 
and bi, could 
give a clue to the 
children but the 
number of legs 
for each alien 
type can only be 
obtained from 
the illustration. 
It is not explicit 
in the text. 
Purple Decorative Rather than the 
Spaceship aliens, in this 
version their 
spaceship is 
shown in the 
illustration. I 
elected to do this Some Tripods and Bipeds flaw from planet Zum. 
There were at least two of each of them. because the role 
of a decorative Tripo& have 3 legs. 
how 2 k9s. illustration is to 
There `ere 23 legs altogether. 
set the seen and 
How w Any Tripods were them? a spaceship links How way sp*&? 
titl f ith th w eo e 
the question and 
the notion of 
aliens. 
Ski Lift (another control question) was the next task the children encountered in the 
Ski lift 
On ad lift the chairs am equally spaced. 
They arc numbered in as do from 1. 
Kelly went siding. 
She got in choir 10 to go to the top of the slopes. 
Exactly half way to the top, she passed chair 100 
On its way dawn. 
How many chairs are On the ski lift? 
Make up like 
booklet. This was a control decorative 
question. The illustration shows a girl 
with skiing equipment on an individual 
ski lift. It cannot be considered as a 
related illustration since there is no 
further information supporting the text, 
for example the number of the chair lift is 
not shown or a wider view of a ski lift 
. Jb 
1n 
scene. Most pupils thought this question was rather easy but in fact it was far harder 
than expected principally because a good understanding of how a ski lift works is 
essential to finding a correct solution. 
Queen Esmerelda's Coins was the next task. This had been divided into the five 
illustration types. This question followed a similar format to Gold Bars in that four 
piles of coins were included. Rather than making equal height piles, the twenty coins 
had to be distributed between four piles according to different ratios. 
Booklet Illustration Illustration Characteristics 
Colour Type 
Blue Essential I altered the text 
and illustration so Queen Esmereldo's coins that the only way 
Qum E kk had , 
in which the 
children can 
She put n"" in for Piks. I identify how many lp 
coins Queen 
Esmerelda has is to 
count the coins in 
the picture. 
The fist pik had four more coins than the seco d. 
The second had one less coin than the third. 
The fourth pile had twice as cony cans as the second. 
How many gold coins did Esinerelda put in each pit? 
Green Negative This is the original 
Decorative Queen Esmereldo's coins 
version therefore 
was not altered. 
Queen Ewer" had 20 gold coins. 
The illustration 
She W than in for Piles- 
shows far more 
than the twenty 
coins Queen fit= 
,. r Esmerelda is 
If j 
supposed to have. 
f The first pik had four more coins than the second. 
f The second had one less coin than the third. 
f The fourth pile had twice as awry coins as the second. 
How MOW gold coins did Esmw+elda put in each pile? 
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i h hi Yellow Decorative on t In t s vers e 
piles of gold coins Queen Esmerelda's coins have been made 
more equal in queen E wo had 20 gold ors. height, although 
She put "win in four piles. there are still a few 
more than the 
stated twenty. I did 
this so that the four 
piles are illustrated 
'--e but is only 
decorative to the 
scene. 
f The first pile hod four more coins than the second. 
f The stead had one less coin than the third. 
f The fourth pik had twice as many coins as the second. 
How many gold coins did Eanw eldo put in each pile? 
Red No Picture Having no 
illustration, all the 
Queen Esmerelda's coins information about 
the number of 
Queen Esmereldn had 20 gold coins. coins has to be 
retrieved from the 
She put them in four piles. text. The text was 
not altered from 
f The first pile had four more coins the original as it 
than the second. contained all the 
The second had one less coin than relevant 
the third. information. 
f The fourth pile had twice as merry 
coins as the second. 
How many gold coins did Esmerelda 
put in each pile? 
Purple Related To reinforce the 
information in the 
Queen Esmerelda's coins text I altered the 
Queen E, lda hod 20 Vid coins. text so that only 
twenty coins in 
she Wt'ne'n in f°" Piles. four piles can be 
seen although the 
numbers in each 
pile does not 
reflect the 
requirements of the 
question because 
from experience of 
" The first pik had fair more coins then the second. the fireworks 
"rhe second had one less coin than ne » d. 
" The fourth pat had twice as mommy coins as time second. question where I 
had witnessed Nur ninny gold coins did Esinei eldo put in each pile 
children using the 
related illustration 
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which gave the 
correct answer, 
wanted to ensure 
the children would 
have to consider 
performing a 
mathematical 
calculation. 
Duck Ponds was the next task, again illustrated in five different ways. Using 
fourteen ducks each time, the ducks had to be distributed between three or four ponds 
(depending on the part of the question) with the number of ducks in each pond having 
an algebraic relationship to the other ponds in the sequence. For instance, in the first 
part, there were four ponds and fourteen ducks. Each pond could hold either five 
ducks or two ducks, so the solution would be two ponds each containing two ducks . 
Booklet Illustration Illustration Characteristics 
Colour Type 
Blue No Picture The number of 
Duck Ponds ducks and the 
Use 14 ducks each ,;,, w. number of ponds is only available 1 There four #Ake each - hol + 
ems d k fi via the text ,. uc s or ve . 
2. There are three ponds. Make each pond hold nriu 
as mo y ducks as the one before. 
3. Thera are four ponds. Make such pond hold one less 
duck then the one before. 
Green Decorative I elected to use the 
Guck Ponds illustration from 
use 14 ducks , rim. the original 
version because it 
only illustrates 
ducks on the water 
and gives no 
1. Thee arc four ponds. Make each pond hold tea 
indication of the 
ducks or fkv ducks. total number of 
2. Them am three ponds. Ahake each a hold ducks or ponds. 
as nwy ducks as the one before. 
3. There are fear ponds. Make each pond hold one less 
duck thou the one before. 
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Yellow Related This is the original 
Duck Ponds version therefore 
use 14 aua each .. was not altered. 
Although only 
three ducks are 
illustrated, the 
number of ponds 
1. Aake ewh paid MW two ducks or five ducks. identified but 
OOO only through the 
illustration. 2. Make each pond hold twice as many duda as the one before. 
00 
3. Mals each pond hold one kss duck than the one 
before. 
CD CD CD CD 
Red Negative Although the 
Decorative Duck Ponds correct number of 
Use 14 ducim each tim. ducks has been 
shown, they are of 
YS- different sizes. My lack of 
drawing skills 
v v v 
prevented me from 
v v V drawing an 
excessive number 1. There am f°" °°"a`. Make `OCk - "d° "'° duck: or fMe ducks. of ducks in the 
style of the 2. am three . #Ake each d hold twice 
cis many Aas the one before. original version. 
Therefore I elected 3. There are for ý Man each pone hW one duck »m the one before, to show a 
difference in size 
because it may 
cause confusion 
for some children 
as they try to keep 
different ways of 
grouping the 
ducks. For 
example, small 
ducks together, 
parent and 
duckling together. 
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Purple Essential 
buck Ponds 
To fit with the 
requirements of 
use this ..,, W of ducks each t6m. the question I 
altered the tt tt 
illustration so that 
the number of 
ducks and ponds 
1- Make each POW law two bucks or five sucks. can only be 
OOOO inferred through the illustrations. 
2. Niake each POW tiaa, wice as mmW ducks =, he The text did not one before. 
require alteration C) 
CD(D from the original. 
3. Make each pad hold one less duck than the an 
before. 
C) OO C) 
Because of the two illustrative features of this question, the ducks and the ponds, this 
question was difficult to classify and alter which resulted in a compromise between 
the ducks and ponds depending upon the format. I had wanted to keep to the original 
format as much as possible. The version with no illustration resulted in minor textual 
changes so that the number of ponds could be included in the text. In the decorative 
format I removed the pond illustration but kept the original ducks. I had considered 
showing some ducks on a pond as the only illustration but this would have totally 
removed all illustrative elements of the original. I also had misgivings about the 
related version even though this was the original. In the trial I had considered this to 
be an "essential" item because of the pond illustration is the only way in which the 
number of ponds is specified. However I was unsure if the pond can be counted as a 
true illustration within the context of this study. Therefore, I focused upon the ducks 
in which case the illustration was related because it reinforced ducks on a pond. 
However, because it does not reaffirm the fact that fourteen are required it could be 
considered decorative. On reflection, because of these inconsistencies, and my 
inability to clearly define this question using my illustration types I feel that with 
hindsight, this question should not have been used. 
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Three monkeys ate a total of 25 nuts. 
Each of them ate a different odd number of nuts. 
How many nuts did each of the monkeys eat? 
Find as many different ways to do it as you can. 
were ten possible answers. 
The final task in the booklet 
was a control question with 
a negative decorative picture 
- Three Monkeys. In this 
question, three monkeys eat 
a total of 25 nuts, with each 
one eating a different odd 
number of nuts. The 
children were asked to find 
as many different ways as 
possible the monkeys could 
have eaten the nuts. There 
5.3 - Overall results from illustration type 
An analysis was carried out in order to determine whether pupil success was 
associated with particular illustration types. The number of correct answers for each 
illustration type were calculated and the results are discussed here. For ease of 
comparison, the results are presented as percentages rounded to the nearest whole 
number. 
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Percentage of Correct Answers for Different Illustration Types 
90 
80 
70 
60 
Percentage 
50 
40 
30 
20 
10 
0 
Figure 5 Percentage of Correct Answers for Different Illustration Types 
  No Picture i 
  Decorative 
O Related 
DNeg Dec 
 Essential 
This chart (Figure 5) shows the percentage of successful answers for each question 
that was presented to the children using the five different illustration types (control 
questions are not included). Where a high percentage of children were able to give a 
correct solution, this was closely linked to the illustration being of a related or 
essential type. This is more clearly demonstrated when the percentages for all five 
questions are calculated based upon the illustration type (Figure 6) . 
Total Percentage of Correct Answers for Each Question Type 
80 
70 i 
60 
50 
40 
30 
20 
10 
0 
No Picture Decorat, ve Related Negative Dec Essent. a, 
Figure 6 Total Percentage of Correct Answers for Each Question Type 
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Gold Bars Fireworks 1 Fireworks 2 Spaceship Qu Es Coins Ducks 1 Ducks 2 Ducks 3 
Questions 
The illustration type that produced the lowest percentage of correct answers was the 
negative decorative illustration. 
When the control questions are considered alone (Figure 7) they show that the 
greatest number of correct answers once again were associated with the essential and 
related question types. Since the various questions could have a number of different 
parts (Snakes and Ladders could have up to 4 correct answers, Roly Poly only one for 
each of the two parts, Ski lift one answer and Monkeys up to ten) I decided that the 
mean number of correct answers would form the basis for this graph. 
Control Questions - Correct Answers (Mean) by Type 
25 
20 
15 
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10 
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0 
Figure 7 Control Questions - Correct Answers (Mean) by Type 
Using this method of calculation reaffirms that the related and essential illustration 
types were associated with more correct answers than the other illustrative types. The 
graph does not include data from the no picture category as there was no control 
question that had no picture. 
If the results of the control questions are incorporated into the results of the other 
questions, the results confirm that the essential and related illustration types were 
associated with a greater number of correct answers than the decorative and negative 
decorative questions (Figure 8). 
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Snakes & Ladders (Essential) Roly Poly (Related) Ski Lift (Decorative) Monkeys (Neg Dec) 
Questions 
Total Number of Correct Answers for Different Picture Types 
Numb. r 
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Figure 8 Total Number of Correct Answers for Different Picture Types 
To summarise, in all the questions asked the children were most successful when 
presented with a question of the related or essential illustration types. The illustration 
type associated with the least number of correct answers was the negative decorative 
type. In most cases, an illustration that was negatively decorative proved to be worse 
than having no illustration at all. This means that if we were to illustrate a 
mathematics question, providing an illustration that adds nothing but looks like it 
might provide information is likely to be extremely misleading. This begs the 
question as to how children tend to use the illustrations provided in mathematics 
questions. On further analysis it became clear that irrespective of the illustration type, 
there were a number of common themes that characterised the way the vast majority 
of children used the illustration in order to help them solve the problem. A discussion 
of these themes may also provide clues as to why illustrations of the essential and 
related types were associated far more with pupil success than the negative decorative 
type. 
5.4 - Themes Arising from Pupil Answers to the 
Challenge Book Question 
When the results from the Challenge Book questions were examined, a number of key 
themes emerged. These themes illustrate the particular way in which the children in 
147 
Decorative Related Negat. ve Dec Essen;, al 
Picture Types 
the study approached the questions and highlights areas where the illustration had an 
effect on the child's approach to solving the problems. There were four main themes 
identified, namely: 
" An over reliance on the illustration 
"A reality based perspective to the solution 
" Once the information has been retrieved from the illustration it becomes 
superfluous as they focus purely on their calculations 
" Children use their own drawings to interpret and solve the problem 
I shall introduce each one and illustrate it with examples of children's work. 
5.4.1. An over reliance on the illustration. 
The solutions that the children gave provided clear evidence that they were relying 
heavily on the illustration for information and as a model to help them solve the 
problem. Of all the questions which showed an illustration, 27% of the children's 
answers displayed evidence (in the form of pencil marks or extra items drawn into the 
picture) that the children had used the illustration directly to help them understand or 
solve the question. Since it is reasonable to assume that some children will have used 
this approach but not left any marks on the illustration the real figure is likely to be 
greater than this. Use of the illustration in this way was irrespective of the type of 
illustration presented to the children, negative decorative illustrations showed as much 
marking as the essential or related illustrations. It appears as if the illustration is the 
first "port of call" when a child attempts to find a solution to a mathematical problem, 
especially if the question appears to be unclear or difficult. If this is indeed the case, it 
follows then, that those questions that were illustrated with a negative decorative type 
of picture substantially reduced the chances of the child achieving a correct solution 
compared to a child whose illustration was essential or related. 
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In this example of Gold Bars, the child 
has relied totally upon the picture, 
disregarding the discrepancy between 
the text, which explained the correct 
number of bars in each pile, and the 
picture which does not reflect this. 
(Blue Booklet, Girl, (Maths 3B, 
Reading 4) 
4, - 
Sam 
[ýF i /}ý äta--r3ä 
Tripods and Bipods flew from planet Zeno. 
There were at least Two of each of them. 
Tripods have 3 legs. 
Bipeds have 2 legs. 
There were 23 legs altogether. 
How many Tripods were there? ,k am 
/r 
, How many Bipods? &er 
' Find to different nns+vcn. 
He can one arnwre bars at anone. 
/ 
He made all the piks the samt height. 
He matte just TWO moves. 
How did he do ft. 
This inappropriate use of the illustration was 
repeated with the Spaceship question where 
children had a tendency (sixteen of the 
twenty-five children whose illustration was 
negative decorative) to count the aliens in the 
picture itself. (Yellow Booklet, Girl, Maths 
3C, Reading 3C) 
In this example of a related version of Queen 
Esmerelda's Coins the twenty coins were 
distributed between four piles but not with the 
appropriate connection between each pile. 
Those that were successful showed evidence of 
having begun by counting the coins in the 
illustration and then used trial and error to 
redistribute the coins in the correct ratios. This 
indicates that the reliance on the illustration 
gave an initial concrete base that the child could 
f' --' ý;; 
/ 
j- 
) The first pile had four mors coins than the second. 
The second 'nad cnz less coin than the third. 
T^. e fcurth ; ile hod twice as Tcn/ coins os the seconc. 
ýcw zcm gcld : 'ms cid csmr c! cc ; cr in each pile? 
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then use to develop their next stage of abstract thinking. 
The Roly Poly question again highlighted an issue that reflected the reliance the 
children placed on the illustration. Few children were able to give a positive response 
to this question. Of the 97 incorrect responses for part 1.59 (61 %) related directly to 
the dice shown in the picture. In part 2,43 responses related to the dice pictured. The 
implication of this is that when the problem appears too difficult children are very 
likely to rely on the picture for assistance irrespective of whether the illustration 
actually provides any meaningful information. 
1. I: ncgine -011irg cna 
. 1Z 
The scare is t% - otnl run ber 
of dots you can see 
You score 17_ 
Whicht number is -face down? 
Now did you work cut your ans: ýr: r? 
2. Irttgine roiling fivö dice 
4`o 
MCA l: c 
The dice do not touch eccn otrer. 
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(Green Booklet, Boy, Maths 4, Reading 4) 
For those children whose illustration for the Fireworks question was essential or 
related an interesting discrepancy between parts I and 2 was noted. The apparent 
high success rate for part one may well be a false result. This is because the 
illustration actually gives one of the two answers. All those answers that are counted 
as correct relate to the solution shown on the illustration, only one child gave both 
answers. When faced with part 2, those children who may have relied on the 
illustration may have had no mathematical basis upon which to attempt part 2 and so 
gave up. 
The evidence strongly indicates that irrespective of the illustration type, the children 
assume that the illustration is essential to the mathematical process of answering the 
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questions. The illustration appears to provide concrete support to their understanding 
and calculations notwithstanding the discrepancies between the illustration and the 
text. It would indicate that generally the illustration is of more value than the text in 
children's understanding and calculation processes in mathematical problem solving. 
5.4.2. A reality based perspective to the solution 
In this instance the child may visualise the problem in order to solve it by putting 
themselves or a third party into the situation described in the text. This gives a 
personal reality based perspective to the solution which in some instances overrode 
the mathematical considerations. At times this familiarity with the subject matter 
interfered with their understanding of the problem. 
poly 
dots on opposite facts of a dice add up to 7. 
1. Imagine rolling one dics. Cý? 
Tie score is the total number 
of dots you can see. 
You score 17. 
Which number is face down? 46 
How did you work out your answer? 
2. Imagine roiling two dice. 
The dice do not touch each other.,,, 
'`/ ;" 4-5M+ßi)4 
The scare is the total number of dots you can set. 
Which numbers are face down to scor= 30? d{br61Cý C)* 
An example of this 
imaginative perspective 
was seen in the Roly Poly 
question where children 
needed to be able to 
imagine the dots on five 
sides of the dice, even 
though they could not be 
seen directly, demanding 
not just an imaginative 
perspective, but visualising 
the dice from a changing 
point of view. Of course 
the question could have 
been solved solely by using a calculation method. The total number of dots on a dice 
is 21,17 from 21 equals 4. Yet because it used an object with which all the children 
were familiar they appear to have relied on their visualisation skills and where this 
was too difficult, the dice illustrated in the question was the visual source of choice. 
In order for the children to have matched their answer to that of the dice shown in the 
illustration they would have had to imagined the spots on the dice from various 
perspectives. 
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The above example shows how the child has tried to visualise the numbers on the 
various sides of the dice. He appears to have imagined the dots in number sequence 
and adjusted his conclusion when four is shown at the top. The right hand dice on 
part two indicates this clearly where the sides have been labelled with the numbers 
one to four, the top five and the bottom six. This may well be his strategy because 
each dice shown has a six on the bottom. Obviously he has disregarded the text 
information that the opposite sides of a dice always add up to seven. (Green Booklet, 
Boy, Maths 4, Reading 4). 
All the children who were successful with this question had achieved level 3A or 4 in 
their mathematics SATs paper. However, not all children working at level 3A or 4 
were successful, with some misled into using the pictured dice directly. It may be that 
those who were successful were confident enough to move out of a stationary 
perspective. 
1. Imagine rolling one dice. 
The score is Thz totci number 
of dots you can sae. 
You score 17. 
Which number is face down? 6 
How did ycu work cut your answer? 
C ýYýU. ; rý vS- J, r 
(Green Booklet, Girl, Maths 3C, Reading 3B) 
Although this child made an incorrect calculation, it would appear that she understood 
the need for a changing point of view. 
For some children the request to imagine themselves rolling the dice acts as a trigger 
for them to make a literal image of themselves rolling a dice. In this situation the 
mathematics element appears to fade into the background. 
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1. Imagine rolling one dice. 
The scare is the total number .'. 
of dots you can see. 
You score 17. 
Which number is face down? 
How did you work out your answer?, 
2. Imagine roiling two dice. a` 
The dice do not touch each other. 
(Red Booklet, Girl, Maths 3B, Reading 4) 
In the Gold bars question, some children also provided answers that related to the 
mechanics of performing the actual task, rather than as a mathematical abstraction. In 
these cases the child tended to focus on the whole task as a reality based problem 
rather than as a mathematical problem. Since the question text asks "How did he do 
it? " this answer may not be as inappropriate as it first seems. 
He- LI on c; ý r. ýý !n 
(Red Booklet, Boy, Maths 2A, Reading 3A) 
Another example from a child who focused upon the physical aspect of Pete moving 
the bars, and in this case sand, to make the piles of equal heights. 
(Red Booklet, Girl, Maths 2A, Reading 4). 
mod- 
I 
Ali- 
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In the previous examples children's extensive knowledge of the reality prevented 
them from tackling the mathematics correctly. However, a measure of that reality is 
required. If that is missing then children are equally disadvantaged. Too little 
knowledge is as bad as too much. The Ski Lift question which was the decorative 
control question presented a major difficulty. Of the 122 children who attempted this 
question, only one child was successful in answering it correctly. Six children did not 
respond. The evidence clearly shows that this question was too difficult because they 
did not have the knowledge of how a ski lift operated. 
The processes apparently generating incorrect answers fell into three main categories. 
Children who answered this question either subtracted ten from the hundred, assumed 
one hundred was the maximum number of chairs or added the ten to the one hundred 
(Figure 9). 
60 
50 
40 
Number 
30 
20 
10 
0 
Figure 9 Ski Lift incorrect answers 
Ski Lift - Incorrect Answers 
Range of Answers 
The child who was successful drew a detailed picture of the Ski Lift. 
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90 100 110 Other 
(Purple Booklet, Girl, maths 4, Reading 4) 
This was the only drawing that gave any indication that the child knew how a ski lift 
operates. Of the one hundred and twenty-eight children, eighty children tried a 
arithmetic calculation and eighteen used words. 
Of the children in my own class, only one child had ever been skiing in a place where 
ski lifts were in operation. A degree of skiing knowledge was necessary in order for 
the children to even attempt this question. I would suggest that not many British 
children of this age would go skiing although many of the children are of the socio- 
economic class who may go skiing in the future. Therefore the decorative illustration 
is inadequate. If a question of this type was to be used, a picture that illustrates the 
mechanism of a ski lift would be of greater use, possibly making a very difficult 
question more accessible. 
This Ski Lift question demonstrates that in some cases, a clear understanding of the 
context is essential in order to solve a problem. In this study this reality perspective 
was essential if one was to attempt a correct answer for the ski lift question as a 
working knowledge of how a ski lift operates was required. Equally with the 
Fireworks question the fact that fireworks can only be set off once may have been a 
factor in preventing children from giving the required two solutions to the question. 
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It would appear that children are not always clear when their knowledge of the world 
and an imaginative perspective is an asset to mathematical problem solving and when 
reality has to be limited in order achieve the correct mathematical solution. The 
problem may well be compounded when mathematical problems are set in a context 
with which the children are familiar. Some children appear to be unable to 
distinguish between a mathematical context where reality can be restricted in favour 
of the mathematics and a reality based context where more legitimate practical 
considerations are taken into account. 
5.4.3. Once the information has been retrieved from the illustration it 
becomes superfluous as they focus purely on their calculations 
Unlike the previous theme where an imaginative perspective influenced the children's 
understanding and calculations often with a negative result, in this instance there was 
a clear indication that the mathematics overrode the constraints of reality that were an 
essential part of the problem. 
The control question Snakes and Ladders demonstrated how once the basic 
information had been retrieved from the illustration it could then be discarded in lieu 
of focused attention upon the calculations. Some children gave incorrect responses 
because they focused upon finding as many different ways of possible to make seven 
irrespective of the snake's position. The assumption is that they used the picture to 
calculate how many squares were needed from the starting position to the end, but 
then they took no further account of the information in the picture. For them, they 
had extracted a mathematical number bond question from the information within the 
illustration. 
The following example is typical of the children's calculation. This one has been 
separated into two calculations for each roll of the dice, so that the first line refers to a 
roll of 5 then 2; the second line a roll of 4 and 3 etc. His own question follows a 
similar pattern to that indicated by the initial posed question. 
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(Purple Booklet, Boy, Maths 4, Reading 3A) 
For another child, the number bond focus was making 16, the final square on the 
snakes and ladders grid and failed to relate the task to the realistic constraints imposed 
by the question. 
OJ\ 
i oa 6 
6d 10 
11ýrºr 
J, cir 2 
(Red Booklet, Girl, Maths 4, Reading 4) 
Of the forty incorrect responses, thirty six had included a combination that involved 
them travelling down a snake. It seems that these children paid no attention to the 
realistic constraint embedded in the picture. 
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The requirements of the question were also discarded in favour of a purely 
mathematical solution in this example from the Fireworks question. The child has 
counted the number of fireworks shown in the picture (11) and divided it by two, 
presumably because the question explains that there are two types, those that produce 
three stars and those that produce four stars. Recognising that a fraction of a firework 
is not a possibility she has decided to divide the two types as near as possible into 
whole numbers that will result in a total of eleven. 
Z= vs S V- I 
U, 1j) O-r ý, It 
So scý"r 
(Purple Booklet, Boy, Maths 3A, Reading 3A) Part I 
An issue which arose when children had focused upon using calculations was that 
often their solutions tended to be rather involved and long winded (shown in the 
following two examples) and as the children attempted to work through the problem 
using their limited calculation knowledge they lost track of the goal they were aiming 
for. This meant that as the calculation became more difficult the children showed a 
tendency to lose track in the calculation process often backtracking and crossing out 
in order to make sense of the problem they were trying to solve. 
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(Yellow Booklet, Girl, Maths 3A, Reading 4) 
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5.4.4. Children use their own drawings to help interpret and solve the 
problem 
Fifty-one percent of the questions answered by the children included their own 
drawings within their calculations and seventy-nine percent of the children drew a 
picture for at least one of the questions they answered. Often these drawings 
resembled the objects involved in the question. This would indicate that not only 
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were drawings giving the children a measure of confidence about using digits in their 
calculations, but by copying the objects shown in the illustration they acted as a form 
of concrete apparatus. 
This example from the Firework question, indicates a misunderstanding of the 
question in that the child has based their calculation upon 25 fireworks rather than the 
25 stars produced by the fireworks. The excessive number of fireworks shown in the 
illustration may have been a contributing factor to this child's misunderstanding but 
clearly shows how children's own drawings that replicate those shown in the 
questions is a part of their calculations. 
What if EE mma's firtwcrks made 23 stars? 
Find two di°fcrcnt answers. 
10 
r'1 
'Al 
(Purple Booklet, Girl, maths 
3B, Reading 3B) 
With the monkeys question, all the children that were successful in finding at least 
one combination had drawn a picture to illustrate their working and results. It would 
appear therefore that for some children the drawing of their own interpretation of the 
mathematics is helpful to their comprehension and calculation. 
p4ý0 ) 
0 L52 
G 
(Purple Booklet, Girl, Maths 4, Reading 4) 
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The following example of a child's correct working is of interest as it appears he has 
made piles of twenty-five nuts which he has then proceeded to divide up. 
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Each of them ate a di erut odd number of rwts. 
How nary nuts did each of the rorheyz eat? 
Find as many difrerv%t ways to o it as you can. 
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(Green Booklet, Boy 
(Christopher), Maths 3A, 
Reading 4) 
This work, from the Gold Bars question, shows that alongside their drawing of the 
initial piles (being an exact copy of the gold bars shown in the essential illustration) 
the child has provided an explanation in words and pictures as to how Pete could 
move the gold bars to get four piles of four. (Yellow Booklet, Boy, Maths 4, Reading 
4) 
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The Duck Ponds question also showed a proliferation of drawn ducks in the children's 
calculations and answers. In this example the boy has drawn the correct number of 
ducks for part 1 but in part 2 he has continued to use two and five ducks for the first 
two ponds and then drawn seven ducks in the final pond. For part three the first pond 
holds four ducks and subsequent ponds hold one duck less. This implies that for the 
ý' 
gis; 
low 
(Blue Booklet, Boy, Maths 3B, Reading 3A) 
third part he has 
focused on the 
one less' 
instruction rather 
than the total 
number of 
fourteen ducks 
stated in the text. 
The following is an example where the question has been misread or misunderstood 
and that a child's own illustrations can confuse things even more. The question 
involves the distribution of a number of ducks into a number of ponds according to a 
fixed set of rules. The instructions state that fourteen ducks should be used to answer 
the question each time. However, the child did not take notice of this instruction and 
just read the instruction "make each pond hold two ducks or five ducks". He chose to 
make each pond hold two ducks. Again, ignoring the fourteen duck requirement he 
ri w 
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2. Make each pond hold twicz as mam/ ducks as -he 
one bcfore. 
3. 
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4lakz zcch : cnd hold one less duck than the ire 
before. 
then misreads the next two 
instructions and assumes that in 
each case it refers to the previous 
question part. This results in his 
solution to the final question 
involving negative numbers of 
ducks. In the first part he has drawn 
the ducks but in the second and third 
part he has reverted to using digits. 
This is possibly due to his 
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misunderstanding of the question - it would have been impossible to draw zero or 
minus one ducks. (Purple Booklet, Boy, Maths 3C, Reading 2C) 
Where no illustration was provided, children would still draw their own versions of 
the problem rather than relying on digits or marks to help them in their calculations. 
In the Spaceship question, eighteen of the twenty five children who had no illustration 
drew their own pictures. This again indicates that a visual representation can aid 
understanding and calculation. 
1. 
j AAA 
(Green Booklet, Boy, Maths 3C, Reading 3B) 
The fact that so many children use their own drawings in the calculation process may 
indicate that at this level of mathematical competence actually drawing the items 
provides a concrete base for solving potentially difficult problems when children are 
not completely confident in using abstract numbers and calculations. The fact that 
they elected to draw similar representations rather than marks to replace numbers 
would also indicate that developmentally they are still very much reliant on visual, 
concrete apparatus. The level the children had achieved in their mathematics and 
reading SATs appears to have made little difference as to whether children chose to 
use their own their drawings or not which would indicate that ability is not necessarily 
a factor in whether or not children rely on drawing pictures to help themselves solve 
mathematical problems. 
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5.5 Results from the interviews 
In addition to the examples from the Challenge Booklets, the interviews with small 
groups of children reinforced two of the themes mentioned above, specifically theme 
2 (a reality based perspective to the solution) and theme 3, (once the information has 
been retrieved from the illustration it becomes superfluous as they focus purely on 
their calculations). The interviews did not provide evidence for any of the other 
themes. 
Theme 2 (a reality based perspective to the solution) may be illustrated by an 
interview with Bobby and Claire. In this example, Bobby is so taken with his 
knowledge of pirates and his opinion of the physique of the pirate in the picture that 
he finds it difficult to solve the mathematics within the question. 
nar 
Tom, 
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Bobby provided a correct answer to Gold 
Bars of 2 piles of 8 but after a wrong 
calculation. Claire, who was asked to take 
part in the discussion, gave an incorrect 
answer to the original question. Both the 
children had a version of the question where the illustration was decorative. Although 
Bobby's working showed an incorrect and a correct answer, I only showed the 
children the incorrect one as I wanted to see if they could explain how it could be 
done correctly. 
Transcript Comment 
RJ: As you can see, this person made a wrong Introduction to task. 
calculation. I want us to try to work out what he did 
first with the wrong answer and then how it could 
have been done right. 
C: Pete has four piles of gold. 
B: No he has one. Look and it's only got two bars of 
gold. Bobby thinking is being 
C: But this says four piles so this is right. dominated by his knowledge 
B: Maybe we can't see the rest because it's buried in a of pirates rather than the 
treasure chest but then he must have three chests and mathematical element. 
pirates always have coins and jewels they don't have 
bars. 
C: Shut up and stop being silly. He has four piles Claire quickly focused 
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because it says and in one pile he has 6, in another 3, Bobby's attention to the 
another 2 and another 5. So how many has he got mathematics but Bobby is 
altogether? still influenced by the 
B: Five and three make eight add two makes ten and information in the 
then six makes sixteen. So why does it only show two illustration. 
bars. But he's drawn lots. 
C: He's drawn the bars in the piles. The first one has 
six. One, two, three, four, five, six (counted the 6 
bars drawn in pile one). The second has three. You Recognition that the text has 
check. The next two and the last five. Is that right? been illustrated to show the 
B: So he's drawn the bars. Now what do we do? piles of bars that Pete 
C: They have to be the same height but he can only do originally started with. 
it in two moves. 
B: If he moved one bar to here making four then two The children recognise that 
bars to here making four. That makes six, four, four adding one to the second pile 
and two. That's wrong. Does this two bars mean there is a correct move as will 
is two bars or that he moves these two bars? adding two to the third pile. 
RJ: I don't know. That's something I was hoping you Unfortunately they focus on 
might be able to work out. moving the bars from the 
B: If it was two bars then he's made six, four, two and fourth pile, leaving the first 
three so it's still wrong because they're not the same. intact their reasoning being 
C: It's the middle bars that's the problem we should that the tallest pile is 
move those cause the others are taller and you begin complete. 
with the biggest. 
RJ: How do you mean? 
C: When you add numbers together, you start with the 
biggest number even if it doesn't come first and add 
on the other numbers. The six and five piles don't 
move. 
B: They'd be heavy to move so he just moves the Bobby is once again 
three and two. If he puts the three on the six that influenced by the reality of 
makes nine and the two cause it's next to five on there moving heavy gold bars 
that makes nine and seven and then if he moves one recognising that you 
from the nine to the seven that means they both have wouldn't want to lift them 
eight. far just adding from the 
C: But that's three moves and you can't do three centre piles to the two 
moves. outside piles although he 
B: Stop getting cross. It's not my work we're trying to does find a solution of two 
think like someone else what they would do not what piles of eight it is not done in 
I'd do. Move the two onto the six and the three on the the required two moves. 
five that makes eight each in two goes. Like this. 
(Bobby then drew an almost replica illustration of that 
shown on his working). 
RJ: How would you have done it then Bobby? 
B: He had sixteen bars divided by four makes The mathematical solution 
err.... four. So each pile has four. Bobby has calculated would 
RJ: Can you make each pile have four then in just two give four piles of four but 
moves. once again the reality of 
B: Move two from the six on the three next to it, that lifting gold bars and the 
makes five then move one from there to the two that appearance of Pete leads 
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makes three. No. Cause you need to move one from 
the five onto the three and that makes three moves. 
RJ: Does he have to move them onto the pile next to 
each other? 
B: Gold Bars are heavy and he looks a bit weak and 
skinny. His arms and legs are tiny so he doesn't have 
many muscles. 
C: Maybe the parrot picks them up in it's beak! 
B: Ha, Ha and I suppose the crab helps as well. 
RJ: But the question says he, that doesn't mean he had 
help. So lets focus back on the numbers and just 
imagine he's really strong. 
B: If you move one from the five and put it on the 
three. 
C: and if you move two from the six, that makes four 
and put it on the two that makes four. 
RJ: Each pile then has four bars and you did it in two 
moves. OK you've been thinking hard this morning 
so one last question. You've come up with two 
different answers. Two piles of eight and four piles of 
four and each could be done in two moves. Is one 
answer more correct than the other? 
B and C: No 
B: They both do it in two moves and are the same 
Bobby to dismiss his 
mathematical solution and 
focus on Pete as a true life 
character. 
The absurdity of the image 
refocuses the children to the 
mathematics and they 
quickly recognise a correct 
solution. 
Recognition that two 
solutions are possible. 
An example of Theme 3 (once the information has been retrieved from the illustration 
it becomes superfluous as they focus purely on their calculations) is provided by the 
interview with David and Louise. David's answers show that once he has discovered 
that it is about snakes and ladders -a game that is familiar to him - he ignores any 
other clues from the illustration. His solutions are presented as a series of number 
bonds but he makes no link with the fact that in snakes and ladders some 
combinations cause the player to slide down a snake and lose position. 
The interview is formed around a discussion about a particular child's solution to the 
snakes and ladders problem. The work was David's originally, though he didn't 
realise this in the interview, and Louise was chosen because she had been successful 
at solving this problem herself. David had written a list of calculations which did not 
take account of the position of the snakes. 
6+1 (David's original answers) 
5+2 
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4+3 
3+4 
2+5 
1+6 
Transcript Comment 
RJ: Can you remember when we did these? It was a little Introduction to the task. 
while ago. We are going to have a look at this person's 
work and I'm not going to tell you whose it is but I want 
us to try to work out what they did because the answer 
isn't quite right. OK? 
D: The counter is on 9 and you have to get to 16. 
RJ: Have you both played Snakes and Ladders? Do you Reaffirming that they 
know the rules? were aware of the rules of 
D: Yeah. You throw two dice and then move your Snakes and Ladders. 
counter. If you land at a ladder you go up to the top and if 
you land on a snake you go down it and have to start all 
over again. 
L: But you have to land on the snake's head and you have 
to throw a six to start. The first one who gets to 100 is 
the winner. 
RJ: Why 100? This comment by Louise 
D: Cause that's where home is, not like this one which that the game shown is 
only goes to 16. intended for younger 
L: It could be a game for really young children, like children implies that the 
reception who are just learning to play. But not for us. illustration can be 
RJ: OK So we're fine with the game so let's look at this dismissed because it is 
answer. `too babyish' for them. 
L: It's an easy question this because you only have to 
move from 9 to 16 that's ... 16 take away 9. (uses fingers 
to count on from nine to sixteen) Seven. 
RJ: But seven is more than six and the dice goes to six. 
D: But you only have one dice. Which means it must be David reaffirms the 
for reception cause they wouldn't play with two dice notion that the game 
because they can't add. They're only learning to count. shown is intended for 
L: So we need to make seven using the digits one to six. younger children. 
D: One and six, two and five. (As the children say these I 
write them down on a whiteboard) 
L: Three and four, Four and three. They have discounted the 
D: Five and two, Six and one. illustration and focused 
L: Seven and nought. Oh no you can't get a seven only upon number bonds that 
six. make seven. 
RJ: You got carried away there. Apart from your seven 
and nought how do your answers match these on the 
paper? 
D: They're the same but you said it was wrong. 
RJ: I could be lying, just to trick you. 
L: True. But you said it in that voice which means you 
weren't. 
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RJ: I'll have to have more drama lessons and learn to lie. 
(I wait for a few moments) I'll get you a counter. (gives 
them a counter) 
RJ: Use the counter and move it as you would the throws 
based on your list we've written down on the whiteboard. Using the counter on the 
D: Start at nine, move one. (moves counter) Then six. illustrated board 
One, two, three, four, five, six. Home. Your go. refocuses their attention 
L: Two and five won't work. You go down a snake. to the demands of the 
Look I'll show you. (places counter on the 9 and moves illustration making the 
two places, going down the snake. That's the mistake. children realise the 
He's forgotten about the snakes. mistake that had been 
RJ: Ok you're right. That's the mistake, he didn't think made. 
about the snakes. Are there any others on the list which 
would be wrong? 
D: Six and one. All the others are OK. 
RJ: OK. So why do you think he got it wrong by writing 
down the answers which go down the snake? David considers it to be a 
D: He's worked out you just have to make seven and then stupid mistake to 
wrote down all the ways you make seven. If you look his disregard the snakes, 
numbers go down from six, five, four, three, two, one. something he would 
Just like we did. He didn't think about the snakes. never do whilst Louise 
RJ: It was an easy mistake to make. Do you think you interprets it as a trick and 
would have made this mistake? that the illustration, whilst 
D: No because I know how to play snakes and ladders providing essential 
and I'm not that stupid (even though he did! ). information, is also 
L: No. It was an easy sum and they can sometimes trick intentionally misleading 
you. You just have to make sure you use the icture. the reader. 
It seems clear from this extract that children are likely to make the same mistake over 
and over again unless their attention is drawn back to the illustration and they are 
asked to consider their answers in the light of the extra information provided by the 
illustration. Even Louise, who got the original question right is drawn into the 
number bonds solution and only changes her stance when she actually makes the 
moves on the snakes and ladders board. 
Since the themes described above were very clearly displayed throughout the 
solutions analysed it is clear that the illustration provided with a mathematical 
problem plays an important role in the child's understanding of the problem. Children 
appear to expect that if an illustration accompanies a problem that it is there to 
provide extra information or to augment the information already provided. 
Illustrations that do not provide information or even worse, provide information that 
is at odds with the question serve to confuse and mislead children. In many cases 
they are not discerning enough to see that the illustration is beguiling them but will 
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attempt to build the information it contains into their solution regardless of whether 
this makes the solution harder or even impossible to achieve. Similarly, children are 
likely to rely solely on the illustration for evidence on how to solve the problem or, if 
the medium is very familiar will disregard the question entirely and build their own 
model to obtain a solution. In all cases this illustrates that children at this stage of 
their learning are not sophisticated enough to distinguish whether or not the 
illustration is there to help them. In consequence it is vital that illustrators are 
required to restrict their illustrations to items within the question and not to elaborate 
or exaggerate the figures involved. 
5.6 - Pupil Perceptions of the challenges 
In the final part of the booklet the children were asked to complete the questionnaire 
(Appendix 2). They were asked answer the following three questions. 
1. Which question would you prefer to work with and why? 
2. Imagine someone who found maths really hard, which question do you think 
would be the easiest for them and why? 
3. What did you like or find useful about the pictures? 
The first question was aimed at finding out which of the tasks the children preferred 
and whether the illustration type was a factor in their selection. The purpose of the 
second question was to ascertain which of the tasks they thought was the easiest in 
order to investigate whether the illustration had an influence on their selection. I 
specifically phrased the question with a third person in mind because I felt that it 
would help to remove some of the child's personal baggage of their personal 
experience and provide a more objective view of the questions. The third question 
was specifically aimed at collecting their view of how useful the illustrations were to 
them in answering the questions, particularly as I had noticed previously that children 
tend to try to make use of the illustration in solving a problem regardless of whether 
the illustration actually provides them with useful or appropriate information. 
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5.6.1 - Question Preference 
In answer to the first item asking which question they preferred and why, the results 
were as follows (Figure 10). 
The Question They Preferred 
70 
60 
50 
Numbers 
40 
30 
20 
10 
0 
Question Titles 
Figure 10 Question Preference 
Except for the Ski Lift question, all the other questions were considered to be a 
favourite by at least one child. However I chose the most popular of these by using 
those questions that had been chosen by at least ten children. Four questions fell into 
this category, being Snakes and Ladders, Gold Bars, Three Monkeys and Duck Ponds. 
Their reasons for choosing these tasks as their favourite were broken down as follows. 
It is a It is easy It is fun I enjoy The Other Total 
challenge to number picture 
understand facts helps 
Snakes and 3 32 7 1 22 0 65 
Ladders 
Gold Bars 4 11 3 0 6 I like pirates 
(1) 
25 
Three 0 9 2 1 0 0 12 
Monkeys 
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Snakes and Gold Bars Fireworks Roly Poly Spaceship Ski Lift Queen Duck Ponds Three 
Ladders Esmereldas Monkeys 
Coins 
Duck 2 4 1 0 2 Lots of 10 
Ponds helpful 
information 
(1) 
Total 9 (8%) 56 (50%) 13 2 (2%) 30 (28%) 2 (2%) 112 
(12%) 
Table 22 Reasons for question preference 
Table 22 clearly indicates that It is easy to understand" is the most common reason 
for selecting a particular question and that Snakes and Ladders was the most popular 
question. Since Snakes and ladders was a control question and only appeared in one 
illustration format - "Essential" it would appear that the picture is an important factor 
in this understanding especially as 28% felt that the picture helped. This implies that 
the children are using the illustration to aid their comprehension irrespective of 
whether this was the intention of the illustrator. 
The following comments made by the children in their answers to the questionnaire 
offer some further support for this interpretation of the data. 
Which question would you prefer to work with and Nv h' 
ý-' 
(Purple Booklet, Girl, Maths 3A, Reading 3A) 
This girl enjoys counting things in pictures so a decorative or negative decorative 
illustration would be likely to cause confusion. She evidently uses a picture to find 
information or have information confirmed. If the picture does not match the text, her 
strategy for tackling problems could be undermined. She may also feel tricked or 
betrayed if the text and illustration don't match because she is looking for the pictures 
171 
to give the clue. For her, as well as being motivating by being informative, the 
illustration does have an entertaining role in that it is fun. 
Which question would you prefer to work with and why? C 
vom! 
A LOOV ýc1 
L V11rýJ r 
(Yellow Booklet, Boy, Maths 4, Reading 4) 
This child appears to have gained a great deal from the information provided in the 
illustration. In the case of Gold Bars this was essential for this child in order that he 
could easily solve the task. 
Which question w 
-1 p reg- ýO 
ild you prefer to work with and wvhy ? 
wank wji) qw Lorke, 
L. 
ct-A-k bau 
U 
I, -u. m i 
to wlýL, L'C'w m, ax, ý ` geht ,3S 
ýO 9 eA to 
rU, LAYI-ZC (a ecctiu/Sý- ýC 5 
u. c. ea, ýta ran 
w4wm `, 0u to dü ja U 14tV nlC 
UMA 
J4% 
41 1 
-4, zn ,ý 
(Blue Booklet, Girl, Maths 3A, Reading 4) 
This child appears to enjoy the challenge of finding different ways of finding number 
patterns (Snakes and Ladders) but unfortunately she was not successful with this 
question herself because she took no notice of the position of the snakes in the 
illustration and wrote a series of number bonds that make seven. 
Question one asked which of the questions found in the booklet the child preferred but 
at this stage did not specifically ask about the illustrations. However the answers that 
the children gave predominantly mentioned the illustration as being an important 
172 
aspect of the question. It seemed that an appropriate illustration made the question 
seem easier to understand and more fun. 
5.6.2 - Question difficulty 
In answer to question two on the questionnaire, 'which maths question they thought 
someone who has difficulty with maths would prefer to work with' the results were as 
follows (Figure 11). 
Most Likely Question a Poor Mathematician Would Prefer 
Number 
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Figure 11 Most Likely Question a Poor Mathematician Would Prefer 
Five children misunderstood the question and instead of identifying a particular 
question they identified an individual in the school who they considered to have 
difficulty with mathematics, so their results are not included. 
Of the remaining children who did select a question, the reasons given for those 
questions where ten or more children chose the same question, are as follows. 
You can It is easy to It is fun The picture Other Total 
count understand I helps 
things work out 
Snakes and 1 44 1 21 0 67 
Ladders 
Gold Bars 1 8 1 5 0 15 
Space Ship 2 3 0 3 Helps you 10 
know your 
tables (2) 
Total 4 (4%) 55 (60%) 2 (2%) 29(31%) 2 (2%) 92 
Table 23 Reasons given for the most likely questions a poor mathematician would prefer 
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Snakes and Gold Bars Fireworks Roly Poly Spaceship Ski Litt Queen Duck Ponds Three 
Ladders Esmereldas Monkeys 
Coins 
Unsurprisingly the fact that a question appears easy is the primary reason for children 
selecting a question for someone who finds difficulty with mathematics. Interesting 
again is the view that the illustration will help and we can assume that the idea you 
can count things is also linked to the illustration. This again emphasises that the 
illustration is considered by the children to be important in comprehending and 
calculating a mathematical problem. 
Imagine someone who found maths really hard which question do you think 
would iý the easiest for them and why? 
t vYý. J 
gull 
(Purple Booklet, Girl, Maths 3A, Reading 3A) 
Imagine someone who found maths reall - hard which que tion do you think 
would be thh ea iest for them and why? , `, ýý ý 
3 _'ý'%(,, ý'i1/; ß 
(Yellow Booklet, Boy, Maths 4, Reading 3A) 
imagine someone who found maths really har which question do you think 
would he the easiest for them and why? W* 
3x 
't ýx ým Lsz ýýp JWýu " 
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This child appears to recognise that mathematical knowledge is extremely important 
since she argues that before you could attempt to answer the Spaceship question you 
would have to know your three and four times tables. 
(Yellow Booklet, Boy, Maths 4, Reading 4) 
Over all, the children's responses suggest that they feel that easy questions involve 
low numbers and good illustrations to back up the requirements of the task. The 
Snakes and Ladders question was chosen by many children, presumably because it 
would be familiar to most children of their age and involved small numbers so the 
calculations wouldn't be too difficult. 
5.6.3 - Perceptions of illustrations 
The final question on the questionnaire asked the children `what did you like or find 
useful about the pictures? ' Since children tended to give the same sort of answers 
these are tabulated below. Surprisingly, although the question was a positive one, 
some children provided negative or neutral answers to the question. For each 
comment type I interpreted the statement as being either positive, negative or neutral 
in order to group the statements for later analysis. 
Explanation of the pictures Number of 
children 
Comment 
They help you to understand 29 Positive 
Count things 13 Positive 
You can `see it' 9 Positive 
Tell you the answer 9 Positive 
Showed you what to do 8 Positive 
They give clues/easy hint 7 Positive 
They are useful 5 Positive 
Fun 5 Positive 
Help you to work it out 4 Positive 
They gave detail 2 Positive 
Look interesting 2 Positive 
Give more information 2 Positive 
Made maths easy/explained things 2 Positive 
They told you what or how many ou need 1 Positive 
Helped you if stuck 1 Positive 
Help think of problems 1 Positive 
Nothing 4 Neutral 
Some you need to use 1 Neutral 
Sometimes wrong 1 Negative 
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Had little to do with the sum 1 Negative 
Some made it harder 1 Negative 
Table 24 Explanation of the children's ideas about the pictures 
When these statements were grouped by comment type into positive, neutral and 
negative, the following results were obtained. 
Children's Comments About The Illustrations 
120 
100 
80 
Number 
60 
40 
20 
Figure 12 Children's Comments About The Illustrations 
Predominantly the children's comments were positive. Within this large positive 
group the children overwhelmingly see the illustrations as a source of information 
rather than merely as something that decorates the page. 
Here are some typical comments made by the children. 
What did Yo li x or find us: "u! about he pictarL-s''-j 
jrn Lý ýa 
(Purple Booklet, Girl, Maths 3A, Reading 3A) 
_---O 
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Positive Neutral Negative 
Comment Type 
This girl seems to believe that illustrations can be helpful when problem solving but at 
the same time becomes emotionally involved with the characters finding them 'funny' 
which could act as a motivational element but may also act as a distracter. 
nat did you like or find useful about the pictures? IcýQ 
-f 
(Yellow Booklet, Boy, Maths 4, Reading 4) 
This child recognises that illustrations can be a source of essential information but 
that their usefulness should not always be relied upon. 
What did'ou like or find useful about the pictures: ' 
AXPI 
} `ý ýf wr y ýýstý 
1T nuN . 
b? 
ý 
hhhJJJ LLLy`' 
(Yellow Booklet, Boy, Maths 3B, Reading 3A) 
This boy's answer reflects the sentiments of many other children in that they feel that 
by being able to count items in a picture aids their computation skills. 
The children indicate that they are reading the illustrations and using them to provide 
clues to solving the mathematical problem. Because of this reliance on the picture, 
illustrations that are merely decorative (and especially negative decorative) are likely 
to mislead children. This may be why some of the children commented that the 
picture can 'trick you' or is 'unhelpful'. Unfortunately the children who wrote these 
comments were not asked to identify the particular questions where this was the case. 
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Interviewing those children to elicit how they felt `tricked' by these particular 
questions would have been useful, but time constraints meant that it was not possible. 
Throughout the analysis of the children's answers to all the questions, their perception 
that illustrations are an important feature in helping them to understand and solve the 
questions is very clear. For the four problems identified for analysis in question 1, 
28% of the children felt the illustration was the reason for their choice of question 
preference. For question 2, of the three problems analysed 31 % identified that the 
illustration would help a person to solve the question and 100 of the 128 children held 
positive views about the illustration in answer to question 3. The perceived 
usefulness of the illustration is also a central theme in their comments. This indicates 
that to the children, the illustration is extremely important, irrespective of whether in 
truth it leads them to a correct solution. 
5.7 - Small Scale Survey - Comparison of illustrations 
In relation to the five questions where alternative illustration versions had been 
provided, a group of twenty-six children studied all the versions and were asked 
which version they felt would be the best to help them work out the answer 
(Appendix 3). This group of children had not taken part in the original study, being a 
mixture of children from Year 2 and Year 4. This was because I felt that using 
children who had completed the booklet may have compromised the validity of the 
data as a result of their prior experience of thinking about the items. The results are 
shown in Table 25; 
Question Illustration Type 
Essential Related Decorative Negative 
Decorative 
No 
Picture 
Total 
Gold Bars 2 22 0 2 0 26 
Fireworks 6 18 0 1 1 26 
Spaceship 2 16 1 5 2 26 
Queen 
Esmerelda's 
Coins 
6 10 6 2 2 26 
Duck Ponds 16 5 0 3 2 26 
Total 132(25%) 71 (55%) 17 (5%) 13(10%) 7 (5% 130 
Table 25 Results for Alternative Illustration Types 
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It can be seen that the related illustration was seen by this group as being the 
illustration that would be the best to help them work out the answer. The next most 
popular was the essential illustration type. This finding is in line with the results 
obtained from the challenge booklet in that these two illustration types are linked with 
the greatest number of correct answers. 
Examples of their comments, using the children's spelling: 
" `it has near anuff legs. (Spaceship - related) 
" `it tells you how many stars the fireworks make like 4 and 3 and it matches the 
picture' (Fireworks - related) 
" `the best because you'v got all the writing and you'v got the pitcher to match 
the words' (Gold Bars - related) 
" `it has the right amount of coins like the words' (Queen Esmerelda's Coins - 
related) 
" `it tells the truth' (Gold Bars - related) 
" `the picture matches the instructions' (Gold Bars - related) 
" `it tells you what to do but it does not tell you the numbers on the blockes so you 
would have to work it out' (Gold Bars - essential) 
" `I like this one because it has lots and lots and lots of them (aliens) on it 
(Spaceships - negative decorative) 
" `it shows the right number of ducks and the right number of ponds' (Duck 
Ponds - related) 
" `it shows you the picture and tells you how many stars each rocket has and it 
gives you the anser in the picture' (Fireworks - related) 
It can be seen that the children value an illustration that reflects the numbers found in 
the text. This provides a reinforcement that the numbers they are concentrating upon 
in order to find a solution are the correct ones. 
Although I did not seek this information, all the children also commented on which 
illustration was `the worst'. This being the question presentation that they felt would 
hinder their understanding and calculation of the question the most. Their results are 
shown in Table 26. 
Question Illustration Type 
Essential Related Decorative Negative 
Decorative 
No 
Picture 
Total 
Gold Bars 5 0 4 3 14 26 
Fireworks 0 0 1 14 11 26 
Spaceship 5 2 2 10 7 26 
Queen 
Esmerelda's 
1 2 0 1 22 26 
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Coins 
Duck Ponds 1 0 2 1 22 26 
Total 12 (9%) 4 (3%) 9 (7%) 29(22%) 76(58%) 130 
Table 26 Alternative Illustration Types Seen as 'the worst' 
Examples of their comments, using the children's spelling: 
" `it would be the worst because it has far to many legs' (Spaceship - negative 
decorative) 
" it has no picture to workfrom' (Fireworks - no picture) 
" `it tells you but it does not show you' (Queen Esmerelda's Coins - no picture) 
" `it's rong' (Gold Bars - negative decorative) 
" `it has far far far too many coins' (Queen Esmerelda's Coins - negative 
decorative) 
" `you can hadly sey the duclings' (Duck Ponds - negative decorative) 
" `it looks realy hard and coplicated' (Fireworks - negative decorative) 
" `it doesn't tell you how many legs they have' (Spaceship - decorative) 
" `its not telling the truth' (Gold Bars - negative decorative) 
It can be seen that pictures that show numbers that do not match the text, or indeed no 
picture at all are very confusing for children faced with this type of problem. 
It is of interest here that a task containing no picture at all is seen by the children as 
worse than a negative picture. In fact though, the children who had actually tried to 
solve the problems had far less success when the picture was of the negative 
decorative type than those with no picture. 
5.8 - Analysis of children's responses by reading ability 
One of the arguments in the Literature Review proposed that many of the studies that 
have looked at the relationship of reading ability to the effect of pictures on text 
processing have shown that less able readers are more adversely affected by the 
presence of pictures than more able readers. (Beveridge and Griffiths, 1987: 31). 
Filippatou and Pumfrey described two approaches to the use of illustrations in 
problem solving depending on the reading ability of the child being tested. 
1. Compensatory Stance 
This suggests that highly skilled readers are already skilled at extracting 
and remembering information presented in texts, so representational aids 
such as pictures are superfluous 
2. Selective Compensatory Framework 
180 
Pictures serve to compensate for skills. -relational pictures will primarily benefit less skilled readers, and partial pictures will primarily benefit more 
highly skilled readers. (Filippatou and Pumfrey, 1996: 272/273) 
If, Filippatou and Pumfrey are correct, poorer readers are likely to be far more reliant 
on the picture to fill in the gaps in their understanding since they would be relying on 
the Selective Compensatory Framework. However, if the illustration was in any way 
misleading, then poorer readers' attempted solutions could be compromised by their 
over reliance on the picture because these children might not be equipped to realise 
the limitations of the illustration, unlike more able readers for whom the picture is 
only partly the source of information within an illustrated problem. The more able 
readers' use of the Compensatory Stance means that often, pictures are superfluous or 
only used to reinforce rather than as the primary source of information. 
This argument formed the basis for one of the research questions as to whether there 
is a difference between able and less able readers. 
What is the significance of a child's reading and mathematical ability upon their 
use of illustrations to comprehend question meaning? 
To investigate this question I have compared the results of those children who may 
be considered less able readers with those of their more able peers. As shown in the 
methodology chapter, children who had a reading level (based on SAT scores) of 3C 
or lower were more likely to have a higher mathematics level than their reading level. 
Children whose reading level was 3B and above were more likely to have a 
mathematics level lower than their reading level, and the higher the reading level the 
greater the disparity. 
In order to investigate this, I selected a number of pupils from the study and divided 
them into two groups depending on their SATs reading score. Pupils were selected so 
there was an equal spread of mathematics scores within each group. This resulted in a 
sample of pupils distributed according to the table below: 
Reading Level Mathematics Level 
2C/2B 2A 3C 3B 
3C and below n=35 2 (6%) 18(23%) 18(51%) 1 7(20%) 
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"Poorer Readers" 
3B and above (n=38) 
"Better Readers" 
1 (3%) 9 (24%) 17 (45%) 11(29%) 
Table 27 Reading and Mathematics Level for the final focus group 
Although the two groups were similar, there remained some difference between the 
groups. In order to compare groups more easily, percentages rounded to the nearest 
whole number are used rather than the actual numbers. Those in the group whose 
reading level was 3C and below were called "Poorer Readers", those with a reading 
level of 3B and above were called "Better Readers". 
Some of the questions in the challenge booklet resulted in a very high proportion of 
children being unable to answer the questions correctly so not all the questions or 
parts of questions have been used in this comparison. For instance, it would be 
inappropriate to compare results from the Ski Lift question when none of the children 
in this study group made a correct response. Therefore only the following questions 
are used in the comparison; 
Snakes and Ladders 
Gold Bars 
Fireworks (part 1 only) 
Duck Ponds (part 1 only) 
Snakes and Ladders was a control question but the results from the other three 
questions will also be broken down by illustration type. 
In the following table, the results for each question are shown in order to compare the 
Poorer Readers with the Better Readers. 
Correct 
answer 
Incorrect 
answer 
No Response 
Snakes and Ladders 
Poorer Readers 48% 46% 6% 
Better Readers 56% 34% 10% 
Gold Bars 
Poorer Readers 37% 60% 3% 
Better Readers 46% 49% 5% 
Duck Ponds - Part 1 
Poorer Readers 34% 54% 11% 
Better Readers 56% 33% 10% 
Fireworks Part 1 
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Poorer Readers 20% 77% 3% 
Better Readers 36% 59% 5% 
Table 28 Reading Focus Group Results 
The preceding table (Table 28) shows that those in the Better Readers group got more 
answers correct than those in the Poorer Readers group. As both groups had an equal 
spread of mathematical ability, it would appear that their reading level affected their 
performance. However, although this seems to be the case, it alone does not answer 
the question concerning the role illustrations play in task success. In order to 
investigate this further I examined the results based upon their booklet colour, which 
determined the type of illustration the children worked with. However, because of the 
small sample size, once this was divided between the five booklet colours the sample 
size for each type became very small. 
Snakes and Ladders was a control question where the illustration was essential and 
therefore was not included in this analysis. 
Gold Bars 
Group/ Illustration Type Correct 
answer 
Incorrect 
answer 
No 
Response 
Total 
Blue Poorer Readers (Ne g. Dec) 0 9 0 9 
Blue Better Readers (Ne g. Dec 2 5 0 7 
Green Poorer Readers (Related) 5 3 0 7 
Green Better Readers (Related) 5 2 0 7 
Yellow Poorer Readers (Essential) 3 2 0 5 
Yellow Better Readers (Essential) 3 5 0 8 
Red Poorer Readers (Decorative) 3 3 0 6 
Red Better Readers (Decorative) 3 5 2 10 
Purple Poorer Readers (No Picture) 2 5 1 8 
Purple Better Readers (No Picture) 5 1 0 6 
Total 31 39 3 73 
Table 29 Gold Bars Reading Focus Group and Illustration Type Results 
As can be seen in Table 29, for the Gold Bars question, although the group size is 
small, those who had the negative decorative illustration (marked in blue) did poorly, 
especially the poorer readers, compared to the success of those whose illustration was 
related to the question (marked in red). 
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Duck Ponds - Part 1 Only 
Group/ Illustration Type Correct 
answer 
Incorrect 
answer 
No 
Response 
Total 
Blue Poorer Readers (No Picture) 3 6 0 9 
Blue Better Readers (No Picture) 3 3 1 7 
Green Poorer Readers (Decorative) 1 3 3 7 
Green Better Readers (Decorative) 4 2 1 7 
Yellow Poorer Readers (Related) 1 5 0 6 
Yellow Better Readers (Related) 6 1 1 8 
Red Poorer Readers (Negative Dec. ) 1 5 0 6 
Red Better Readers (Negative Dec. ) 3 5 2 10 
Purple Poorer Readers (Essential) 5 2 1 8 
Purple Better Readers (Essential) 4 2 0 6 
Total 31 32 10 73 
Table 30 Duck Ponds (Part 1) Reading Focus Group and Illustration Type Results 
Table 30 shows Better readers were very successful when the illustration was related 
(shown in red) although for the Poorer Readers this was not the case. As in Gold Bars 
above, both groups did poorly when the illustration was negative decorative (shown in 
blue). 
Fireworks - Part 1 Only 
Correct 
answer 
Incorrect 
answer 
No 
Response 
Total 
Blue Poorer Readers (Decorative) 1 7 1 9 
Blue Better Readers (Decorative) 2 4 1 7 
Green Poorer Readers (Essential) 4 3 0 7 
Green Better Readers (Essential) 4 3 0 7 
Yellow Poorer Readers No Picture) 0 5 0 5 
Yellow Better Readers (No Picture) 1 7 0 8 
Red Poorer Readers (Related) 1 5 0 6 
Red Better Readers (Related) 5 0 10 
Purple Poorer Readers (Negative 
Dec. ) 
1 7 0 8 
Purple Better Readers (Negative 
Dec. ) 
2 4 0 6 
Total 21 50 2 73 
Table 31 Fireworks Reading Focus Group and Illustration Type Results 
For the Fireworks question there were significantly more incorrect answers than for 
the Gold Bars and Duck ponds question. However, it can still be seen that as in the 
Duck Ponds question Better readers were very successful when the illustration was 
related (shown in red) although for the Poorer Readers this was not the case. 
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These individual results seem to show a relationship where the related illustration type 
is associated with more correct answers and the negative decorative with more 
incorrect answers. This may be seen more clearly when the results of the different 
illustration types are totalled. Figure 13 clearly shows that the related and essential 
illustrations were associated with a greater level of success than other illustration 
types, especially over the negative decorative type of illustration. Figure 13 also 
shows that in all cases the Better Readers group had greater success than the Poorer 
Readers group. 
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Question Success Rate by Group and Illustration Type 
Figure 13 Question Success Rate by Group and Illustration Type 
The difference between these two groups was their reading ability, their mathematics 
levels being similar across the two groups. This suggests then, that the difference in 
success between the two groups may be due to their reading ability and may well lie 
in the children's ability to comprehend the question. There are several studies in the 
literature that would lend support to this view (Newton, 1995, Filippatou and 
Pumfrey, 1996, Beveridge and Griffiths, 1987, Arizpe and Styles, 2003). 
The results of this study would appear to confirm this relationship between reading 
ability and ability to comprehend mathematical questions. Although the words in the 
questions were all within the reading ability of all the children, those children in the 
  Poorer Readers 
 Better Readers] 
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Essential Related Decorative Negative Dec No Pcture 
Illustration Typs 
Poorer Readers group would seem to have had greater difficulty comprehending the 
meaning of the text. If this were the case it would mean that they were more likely to 
look to the picture to provide a context for the words they had read because, as Smith 
(2004) states, if within the visual text the words have been of little help, then the 
visual images (or illustrations) accompanying the text will become the predominant 
route to comprehension. If these children referred to the illustrations more frequently 
than their Better Reader peers, the decorative and negative decorative illustrations 
may well have hindered, or even misled, their comprehension of the question. Even 
when the illustration was related to the text, the children in the Poorer Readers group 
still had less success. This may have been because they were susceptible to 
illustrative interference. 
When I worked with the children who were shown all the question types and asked 
them to select the one they felt would be the best to help them solve the problem, I 
worked individually with one particular boy. He had a reading level of 2A and a 
mathematics level of 3B (this would put him in the Poorer Readers group) but was 
very poor at writing, (level 1). I therefore wrote down his spoken comments. In all 
the cases he selected the negative decorative illustration as being the most helpful. 
Each time he was shown a different question he was completely enthralled by a vast 
number of aliens or fireworks or whatever was shown. If he was typical of those in 
the Poorer Readers group, this could explain how children in this group are much 
more susceptible to interference than those in the Better Readers group. 
Previous research into the role of illustrations and comprehension had focused upon 
either children's understanding of narrative text or on scientific concepts. This 
research has focused upon mathematics, and in particular, non-routine problem 
solving. It would appear reasonable to conclude that some illustrations can aid 
comprehension but because poorer readers either rely on illustrations for 
comprehension or become distracted by inappropriate information in the illustration, 
inappropriate illustrations can be extremely misleading. This may be because 
children can develop a dependence upon the illustration particularly if they are poor 
readers, possibly distracting them from utilising other problem solving skills they may 
possess. Alternatively, reading ability and the ability to find meaning in illustrations 
may both partly depend on visual processing capabilities. 
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5.9 - Discussion and summary 
The analyses of data from the challenge booklets indicated that the children were 
most successful with those illustrations that were either essential or related. However, 
this measure of success is based only upon the children achieving a correct answer. In 
addition, the relation of the content of the illustration to the mathematical task 
illustration had a marked affect upon children's understanding and interpretation of 
each problem. At the beginning of this chapter I identified a number of themes that 
resulted from an analysis of the children's answers to the Challenge Book questions. 
These were: 
1. An over reliance on the illustration 
2. A reality based perspective to the solution 
3. Once the information has been retrieved from the illustration it becomes 
superfluous as they focus purely on their calculations 
4. Children use their own drawings to help interpret and solve the problem 
These themes were borne out both by the answers the children gave and the previous 
research identified in the Literature Review. They also provide an insight into how 
the children tackled the problems and highlighted typical methods they use in order to 
formulate a solution. 
In his work, Serafini (2005) argues that current picture books with their colourful 
illustrations that may or may not illustrate features of the text can unsettle the reader's 
expectations. In my own work, because the children often interpreted the illustration 
as essential regardless of whether it was or was not essential, this resulted in a number 
of incorrect answers being formulated. 
Children indicated that the pictures allowed them to `imagine' or to help construct a 
mental model of the situation which appears to endorse Newton's view that "pictures 
can make complex information accessible, serve to verify or shape mental models, 
make prior knowledge available, and motivate the reader" (Newton, 1995: 128). In 
order for pictures to `work' they must activate appropriate information-processing 
skills within the learner (i. e. selecting, organizing, integrating and encoding). If these 
skills are not activated and used, or are used carelessly or inappropriately, negative 
effects can be expected. (Filippatou and Pumfrey, 1996). This was observed in my 
study where the negative decorative illustration type was generally associated with 
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incorrect answers and confusion about the requirements of the question. This 
corresponds with theme 1, an over reliance on the illustration, whereby children 
would use the illustration as a basis for their calculation despite it being at odds with 
the text. 
Amongst others, Lubienski, (2000) has argued that through problem-solving 
experiences children learn to think strategically while learning mathematical content. 
In my study it was clear that children were thinking strategically but not that they 
were learning new mathematical skills. For instance, in the Roly Poly question they 
had to thing strategically in order to imagine the dice from various viewpoints but it 
was not clear that they were developing new mathematical strategies to help them 
solve the problem. Actually, if anything they were reinforcing the skills they had (or 
felt most comfortable with). Wyndhamn and Säljö (1997) argued that problem 
solving allows for mathematical skill and insight is put to real use. The mathematical 
problems the children encountered in this part of my study required the children to 
think strategically. This can be seen in the case of those children who, when solving a 
problem, began with an estimated answer which they then adapted. Once the children 
had recognised that identifying two numbers which make seven was required to solve 
the Snakes and Ladders questions they then focused on this aspect even though it 
might result in the counter landing on a snake. These children clearly knew about 
number bonds and were happy to find two numbers that added up to seven. What 
they had difficulty with was interpreting this number bond sequence in the context of 
the question where some of the number bonds (those that would cause their counter to 
land on a snake) were not part of the solution. This corresponds well with Theme 3, 
once the information has been retrieved from the illustration it becomes superfluous 
as they focus purely on their calculations, and links with Kazemi's (2002) study, 
where students were noted as not necessarily thinking through the complete problem. 
However, as Reed (1999) points out the basic skills for solving word problems are 
more complex than they first appear. Skills are needed in understanding the text, 
determining temporal and special relations, eliminating irrelevant information, 
identifying the unknown variable, selecting the correct arithmetic operations, and 
determining what to equate in an equation. It was the need to use this wide range of 
skills which caused the children a number of problems, particularly as children are 
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likely to pay more attention to the pictures when the text is relatively difficult for 
them to comprehend in a mathematical context. For some, eliminating the irrelevant 
information found in the illustration proved a stumbling block, regardless as to 
whether this was the excessive items found in the negative decorative group, such as 
the fireworks or the dice illustrated in the related Roly Poly question. 
In such a complex process it is hardly surprising that children attempt to ground their 
work within a context they understand. Unfortunately for some, who are unable to 
recognise the limitations of their own personal experience, the result tends to be based 
upon their own reality rather than the mathematical requirements of the question. This 
is the basis for theme 2-a reality based perspective to the solution. 
In some circumstances children tended to use other strategies to help them understand 
the requirements of the problem solving process. Drawing their own illustrations 
provided a concrete basis for their mathematics which enable the children to `get a 
handle' on the mathematical process, rather than using mathematical symbols or 
language. This then is the observation that resulted in theme 4, children use their 
own drawings to help interpret and solve the problem. 
These results from the question booklets study indicate that the children often act on 
the assumption that an illustration is helpful to their understanding of a mathematics 
question, even though a decorative or negative decorative illustration type is 
recognised by some children as misleading. In order for children to be able to make 
appropriate decisions they will have needed to learn, as Serafini (2005) indicates, to 
navigate and critically evaluate the information that is presented in the illustrations. 
However my findings would appear to indicate that this is a process children of this 
age are developing rather than have mastered. 
One very clear finding was the large number of children who were unable to answer 
the question correctly when the illustration was of a negative decorative type. I would 
hypothesise that a cause of this may be children's inadequate skills at discarding 
information that is inappropriate. As an adult, and assuming I am better at reading 
illustrations than children, I would look at the negative decorative illustration of 
Queen Esmeralda's coins and recognise immediately that there are more than twenty 
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coins shown and in consequence immediately discard the illustration as a source of 
mathematical information, although it may still have some value in illustrating the 
context of the question. Indeed, Filippatou and Pumfrey, (1996) identified that one of 
the central characteristics of some children is their relatively limited ability to filter 
out extraneous stimuli and to focus. 
In the Gold Bars question a significant number of the children whose illustration was 
negatively decorative used the illustration to work out their answer. It could be that 
when there is a low number of items shown, as in the Gold Bars decorative 
illustration, the illustration will either be discarded immediately or will act as a base 
for them to work up from, but when the illustration shows an excessive number of 
items there is a greater tendency to work from the illustration itself. It may be that 
this behaviour has been learnt from their previous early textbook experience where 
there is often a one-to-one relationship between a mathematics question and the 
number of items illustrated. It may too be true that this is a particular problem in 
English schools. Bierhoff, and Harries and Sutherland showed that English pupils 
have to cope with more in the form of pictorial decoration distractions in their 
textbooks than their European counterparts. 
These questions could be considered as multi-layered in that there are several layers 
to the question and the mathematics that have to be processed before a final answer is 
reached. In this context, the presentation of the mathematics is as a story that has to 
be peeled away before the pure mathematics can be accessed but not all children can 
successfully separate the mathematics from the story. Children who are less adept at 
keeping track and dealing with this multi-layered thinking may become more reliant 
on the actual illustration to help them with this visualisation than their more 
competent peers. This may be a reason why so many children used the dice shown in 
the picture in the Roly Poly question because they were more confident in the 
visualisation of the dice shown than in imagining another dice. 
What all of the children in the extracts have demonstrated is that problem solving can 
be a very complex process. The following model seems to capture, via its steps, the 
processes required for a successful solution. I have described in this chapter. 
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7. Review the reasonableness 
of the answer 
6. Calculation of arithmetic 
operation. 
5. Selection of arithmetic 
operation. 
4. Identification of variables 
3. Identification of relevant 
real life parameters. 
2. Eliminating irrelevant 
information 
1. Reading text and illustration 
This stepwise model of problem solving suggests that in order to formulate a 
successful solution, each step needs to be considered before moving onto the next 
one. If, as in the case of many children in the sample, one or more steps is missed 
out, then the final result may not be the one required or vital information may not 
have been gleaned from the question making it more likely that the question will be 
answered incorrectly. 
Step Action 
1 In this step the student reads the question and the illustration in order to 
deduce what is required by the task 
2 The student discards any information that is not relevant. This is a key 
point in the understanding of questions containing illustrations particularly 
those where the illustration is at odds with the question 
3 The student identifies any other information they require that may not be in 
the question or the illustration, but may be general knowledge or other 
knowledge of the world. This is another key point - small children do not 
have the same knowledge of the world as adults and may attach importance 
to different factors than adults would. In addition, children generally obtain 
less information from pictures than adults (Campbell, 1981). 
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4. In this step the student is identifying the numbers that they need to carry 
out the calculation. If they use an exaggerated illustration to provide these 
numbers they are unlikely to be successful 
5. The student needs to decide what calculation is required to solve the 
problem. 
6. The student calculates the solution. Some calculation types can overlap, 
multiplication can be carried out by direct multiplication (by knowing one's 
tables) or by repeated addition. Both can be sources of error. 
7. The answer is checked to ensure that it fits all the parameters of the 
question. 
However, children do not always move straightforwardly up the model but will refer 
back to different stages and it may be possible that the more confident a child is with 
mathematics the less likely they will refer to previous stages in the model. The less 
confident child may continually refer back to the text or the illustration because they 
are not able to confidently eliminate irrelevant information. At each step a child 
could make a wrong judgement which will have an effect upon their success in the 
other steps. To summarise this: 
Less information read + misinterpretation of implied information = misconception. 
In the Gold Bars discussion on page 164, Bobby was unable to eliminate irrelevant 
information so repeatedly referred back to the illustration. Initially because it did not 
match the text, later because the pirate did not appear strong enough to move the gold 
bars and because aspects of real life parameters affected his judgement he was unable 
to select the correct arithmetic operation because he was floundering on the steps 
below. 
The investigation using the different Challenge Booklets highlighted the significance 
of illustrations in children's perception of mathematical word problems. Irrespective 
of the type of illustration, the data shows that children will tend to interpret and use 
the illustration as if it were essential. It also shows that some children have not yet 
developed the discrimination skills to tell when an illustration is merely providing a 
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context and when it actually portrays an essential part of the mathematical problem. 
In addition, the comparison between the Poorer and Better Readers groups' answers 
to the Challenge Book questions highlights the importance of a child's reading ability 
in relation to solving mathematical word problems. Just being able to read the words 
is not enough, the child must be a confident enough reader to understand the context 
of the text in order to draw out the salient points of the mathematical problem. 
Indeed, it could be argued that with this age of children, reading ability is more 
important than mathematical ability in solving these types of problems. 
Children are influenced by, and do use illustrations in order to solve mathematical 
problems, but not necessarily in the way that adults would expect them to. The 
corollary of this is that illustrators and teachers need to be very much more aware of 
the way that children use illustrations in problem solving than is currently the case. 
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Chapter 6- Conclusion 
This project started because of an observation I had made whilst teaching the children 
in my class. The trial that followed this observation indicated that children were 
using illustrations to aid their understanding of questions and in consequence this 
influenced their calculations, sometimes with negative results. Information from 
current literature indicated that the role of illustrations in mathematics had only 
received minimal attention. The relationship between the written text and illustrations 
is a complex one and little researched, especially in specific subject areas. 
The results of the subsequent literature review resulted in three research questions. 
The first question was a natural progression from the initial classroom observation in 
asking how important are illustrations in children's understanding of mathematical 
problems. In order for children to answer the problem solving questions they have to 
read the questions. As many children are still refining their reading skills, 
illustrations are often used as a clue to text comprehension. The second question arose 
from the literature review and was linked to the reading process in that it asked what 
is the significance of a child's reading and mathematical ability upon their use of 
illustrations to comprehend question meaning? Illustrations are a visual image, so a 
natural progression of the investigation was to explore the learning styles of children 
and their influence which became the focus of the third question in that does a child's 
cognitive and learning style influence their success in decoding illustrated 
mathematical material? 
During the research project not everything went as planned. The enforced restrictions 
that occurred because of our school budget meant that I had no opportunity to work 
with children outside my own classroom. I had planned to interview children from 
other schools but this had to be abandoned and interviewing my own children in the 
classroom was difficult whilst also teaching. This meant that the amount of 
qualitative data I was hoping to collect was greatly reduced, forcing me to place 
greater reliance on the quantitative data that I had collected. 
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6.1 - Answers to Research Questions 
How important are illustrations in children's understanding of mathematical 
problems? 
The results of my research showed that illustrations are very important in children's 
interpretation of a mathematical problem. The evidence shows that they find it 
difficult to discriminate between illustrations that provide meaningful information in 
the context of the question and those which mislead, meaning that they tend to use 
the information in the illustration irrespective of whether it is actually appropriate or 
relevant. The children in this study demonstrated that they actually engage in a 
complex process of interpretation when reading texts containing illustrations. 
The results from the study indicate that questions that contained an essential or related 
illustration produced far greater levels of success (in terms of correct answers) than 
any other category. It would appear that related pictures increased recall of related 
information. This means that illustrations serve as more than convenient motivational 
vehicles. Those questions that were not accompanied by an illustration did not 
produce any better results than those where the illustration as purely decorative. It 
would appear that illustrations can enhance comprehension of mathematical questions 
and that the children tended to rely more on the illustration in order to comprehend 
problem solving questions which are more difficult to understand than plain 
arithmetic questions. The more abstract the mathematical problem, the greater chance 
there is that children will resort to illustrations to infer the meaning of the question. 
Since children tend to interpret illustrations as essential, those that were negatively 
decorative had the greatest effect of misleading the child, distracting their attention 
away from the textual part of the problem where the relevant information required to 
solve the problem would be found. 
The work conducted with pairs of children indicated that children did use the 
illustrations to check their understanding and to compare with the information taken 
from the text. However, if the text was not clear they were more likely to interpret the 
illustration rather than the text. Far more use was made by the children of the pictures 
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than of the print. As such, it would be safe to conclude that the younger and less 
competent the reader, the greater the influence of illustrations will be. 
An important finding from this research is that it would appear that children seem to 
think illustrations are really important and that their perspective of importance often 
contradicts the intended purpose of many illustrations they encounter in their work. 
This is likely to be because they appear unable to identify whether an illustration is 
decorative or essential. 
What is the significance of a child's reading and mathematical ability upon their 
use of illustrations to comprehend question meaning? 
My research showed that when solving mathematical problems, a child's reading 
ability is more significant than their mathematical ability. In this research the results 
of two groups were compared. Both groups had similar levels of ability in 
mathematics but one group had a higher level of reading ability than the other. 
Despite a similar mathematics ability there was a difference in performance between 
the two groups, with the more able readers being more successful in solving 
mathematical problems. It also showed that poorer readers have more difficulty 
detecting specific causal mathematical relationships in text, even if they are also 
presented pictorially. In addition, the evidence showed that those children who were 
better readers would appear to have a higher level of tolerance of ambiguity and 
uncertainty and were more capable of correctly interpreting the mathematical 
requirement in the texts. It would seem that reading this kind of material is less a 
practice of reading skills and more one of information gathering, and the more able 
readers appear better at sifting through text and illustrations to locate relevant 
information from a plethora of extraneous information. 
Does a child's cognitive and learning style influence their success in decoding 
illustrated mathematical material? 
There is controversy concerning the issue of cognitive and learning styles and their 
importance in education. The results from the research have done little to resolve the 
debate. The results from the VARK questionnaire were inconclusive as all the 
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children came out as multimodal across all the VARK categories. This may have been 
because the test was not suitable for children of this age, that for these young children 
a dominant style has not yet developed or that the notion of learning styles is a 
misnomer. 
From the work done in my research the children do appear to respond to the 
illustrations and design their own mental images when solving problems but this may 
reflect a developmental phase rather than a cognitive or learning style. Therefore it is 
inconclusive whether cognitive and learning style influence these children's success 
in interpreting illustrated mathematical material. It may be that the more we see 
pictures, the more we will think in terms of pictures, so that illustrations may provide 
a framework for mental images. This framework may then act as a foundation that 
will enable the student to create helpful images. 
6.2 Research Implications 
The results from this research indicate that in any given situation a proportion of 
children will be compromised in their mathematics calculation by the presence of 
illustrations. My research highlighted a number of themes that characterised the way 
that children interact with illustrations when solving mathematical problems. These 
were: 
1. An over reliance on the illustration 
2. A reality based perspective to the solution 
3. Once the information has been retrieved from the illustration it becomes 
superfluous as they focus purely on their calculations 
4. Children use their own drawings to help interpret and solve the problem 
Since these themes figured so strongly in the research, any illustrator commissioned 
to illustrate mathematical textbooks would be wise to bear them in mind. They 
summarise the ways that children use pictures to solve problems and if the intention is 
to provide illustrations that motivate and encourage learning (as many textbooks 
claim their illustrations do) then they should be considered at an early stage. 
Harries and Sutherland concluded that "Unless we understand the ways in which 
pupils learn from engaging with texts we will not be able to produce electronic texts 
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which facilitate and enhance the learning of mathematics". (Harries and Sutherland, 
2000: 65). Illustrations and visual imagery are part of this process of finding out how 
children engage with texts. With the introduction of interactive and multi-media 
technology into schools, teachers and education software, designers must take into 
account the role of illustrations beyond that of the engager and motivator. 
Illustrations can be of benefit to children in supporting them as they try to solve 
mathematical problems. However, issues have arisen because of the indiscriminate 
use of illustrations. A dialogue between the writer and the illustrator of a 
mathematics textbook must be established in order to make clear to the illustrator the 
potential pitfalls associated with children's interpretation of illustrations. Adults are 
more adept at reading illustrations than children so the latter must be consulted in 
future illustrative design. The results from this research project indicate that it is not 
sufficient just to include illustrations but the type of illustration is also extremely 
important. Illustrations that mislead through providing extraneous information or are 
merely decorative can be detrimental to a child's understanding and concomitantly to 
their immediate success. Attainment is always normative - some pupils must 
inevitably do less well than others, and it is this sense of doing less well than one's 
peers that can all too easily lead to disaffection and anxiety in mathematics, and create 
a vicious circle of low self-confidence and underachievement. 
Other research highlighted in the literature review has indicated that the use of 
illustrations with written textual material can facilitate children's learning to read, 
motivate them, aid retention and improve the comprehension abilities of competent 
readers to improve their mathematical problem solving skills. The results of this 
research reinforce this finding that reading ability does affect pupil performance. It 
also shows that the indiscriminate use of illustrations can undermine the development 
of a more reflective and strategic approach to thinking about mathematics particularly 
for lower-attaining pupils. 
All those involved in education need to be aware of the pitfalls that can occur because 
children have misread or relied upon an inappropriate illustration. It may not be the 
mathematical concept that the child needs support with, but rather the reading of 
mathematical texts, especially those using copious illustrations. There is a valuable 
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lesson here for test and text designers and writers. This small and intensive study has 
been able to tell a great deal and there is a very clear message about the positive and 
negative consequences different types of illustrations can have. 
6.3 Further Research 
There is a large amount of scope for either large-scale or small-scale investigations 
into the role of illustrations in the teaching and learning of mathematics. Expanding 
the sample size and socio-economic spectrum would certainly help to provide a firmer 
statistical basis to either confirm or refute the findings from this study. Equally, 
detailed case studies would provide greater insights into the thinking processes 
involved in this area. Longitudinal and replica investigations of children at different 
age groups and differential experience would help to see when children become more 
able to differentiate between relevant and irrelevant illustrations for information 
gathering. In a world of increasing globalisation, international comparisons would 
also be beneficial in raising publishers' awareness of the effect illustrations can have 
on mathematical understanding as there is no reason to believe that this is purely a 
English phenomenon. Certainly more detailed work on the effect reading ability has 
upon mathematical performance would be of benefit. This would naturally develop 
into the exploration of possible differences between boys and girls as the work of 
other researchers has already shown that girls do appear to have an advantage where 
reading comprehension is concerned. 
In respect of cognitive and learning styles, further work could be done to indicate at 
what age or time of life, these become fixed (if indeed they do) and if these styles are 
generic or domain specific. Once this becomes better established then their role in the 
learning of mathematics and illustrative problem solving would be more relevant. 
Lastly, my own professional practice has been and will be affected by this work both 
through its findings and through the act of carrying it out. The findings from this 
study can be disseminated amongst my colleagues at my own school and in the wider 
educational community through for example, inset training. My own knowledge of 
the research process has been enhanced, particularly that of the role of teacher-led 
research in school. This is a point about which I feel very strongly. Teachers have an 
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ideal opportunity to observe, question and research practice. My experience is that 
this is not valued within the world of practice, and it should be. 
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The questions in this booklet are intended to help us understand how we can 
improve the design of maths questions so that we can make questions easier to 
understand. You will have two, 40 minute sessions to answer all the questions. 
Later you will be asked to comment on the questions. 
You must treat these questions as if you were in a maths test. 
There are nine questions to answer, with only one question ner nage. 
here is plenty or space on each vage for you to do your working out and 
write your answer. 
If there is a question you are stuck on, move onto another question and come 
back to that one later. 
You must work on your own. If there is a word you have trouble reading you 
may ask your teacher for help. 
Some of the questions you may have seen before in your maths work. They 
may have been altered so do read the questions carefully. 
Snakes and ladders 
Your counter is on 9. 
You roll a1 to 6 dice. 
After two moves you land on 16. 
Find all the different ways you can do it. 
Now think of other questions you could ask. 
Gold Bars 
Pete is a pirate. 
His gold bars are in four piles. ,`' 
In the first pile he has 6 bars. 
In the second pile he has 3 bars. 
In the third pile he has 2 bars. 
In the fourth pile he has 5 bars. 
He can move one or more bars at a ti mi 
1 
'I 
F 
He made all the piles the some height. I 
He made just two moves. 
How did he do it? 
eý 
Fireworks 
Emma had some fireworks. 
Some made 3 stars. 
Some made 4 stars. 
Altogether Emmas fireworks made 19 stars. 
How many of them made 3 stars? 
Find two different answers. 
What if Emmas fireworks made 25 stars? r, 
Find two different answers. 
lký 
Roly poly 
The dots on opposite faces of a dice add up to 7. 
1. Imagine rolling one dice. 
The score is the total number 
of dots you can see. " 
You score 17. 
Which number is face down? 
How did you work out your answer? 
2. Imagine rolling two dice. 
The dice do not touch each other. 
" 
" 
The score is the total number of dots you can see. 
Which numbers are face down to score 30? 
Spaceship 
.0 
. 09> 
dop v 
Some Tripods and Bipods flew from planet Zeno. 
There were at least two of each of them. 
Tripods have 3 legs. 
Bipods have 2 legs. 
There were 23 legs altogether. 
How many Tripods were there? 
How many Bipods? 
Find two different answers. n. ý 
<< ýý 
.. ý'ý.. / 
ýl 
m". 
Ski lift 
On a ski lift the chairs are equally spaced. 
They are numbered in order from 1. 
Kelly went skiing. 
She got in chair 10 to go to the top of the slopes. 
Exactly half way to the top, she passed chair 100 
On its way down. 
How many chairs are there 
On the ski lift? 
Yý 
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1/ ý-ý--.. ý- 
Make up more problems like this. 
Queen Esmereldai s coins 
Queen Esmerelda had some gold coins. 
She put them in four piles. 
" The first pile had four more coins than the second. 
" The second had one less coin than the third. 
" The fourth pile had twice as many coins as the second. 
How many gold coins did Esmerelda put in each pile? 
Duck Ponds 
Use 14 ducks each time. 
1. There are four ponds. Make each pond hold two 
ducks or five ducks. 
2. There are three ponds. Make each pond hold twice 
as many ducks as the one before. 
3. There are four ponds. Make each pond hold one less 
duck than the one before. 
Three monkeys 
ed 
"- it 
a 
Three monkeys ate a total of 25 nuts. 
Each of them ate a different odd number of nuts. 
How many nuts did each of the monkeys eat? 
Find as many different ways to do it as you can. 
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The questions in this booklet are intended to help us understand how we can 
improve the design of maths questions so that we can make questions easier to 
understand. You will have two, 40 minute sessions to answer all the questions. 
Later you will be asked to comment on the questions. 
You must treat these questions as if you were in a maths test. 
There are nine questions to answer, with only one question oer page. 
There is plenty of space on each page for you to do your working out and 
write your answer. 
' If there is a question you are stuck on, move onto another question and come 
back to that one later. 
You must work on your own. If there is a word you have trouble reading you 
may ask your teacher for help. - 
Some of the questions you may have seen before in your maths work. They 
may have been altered so do read the questions carefully. 
Snakes and ladders 
Your counter is on 9. 
You roll a1to6dice. 
'After two moves you land on 16. 
Find all the different ways you can do it. 
Now think of other questions you could ask. 
ý Gold Bars 
Pete is a pirate. 
His gold bars are in four piles. 
In the first pile he has 6 bars. 
In the second pile he has 3 bars. 
In the third pile he has 2 bars. 
In the fourth pile he has 5 bars. 
He can move one or more bars at a time. 
11i 
He made all the piles the sann 
He made just two moves. 
How did he do it? 
F`ý 
Fireworks 
Emma had some fireworks. 
Each of the two types made different numbers of stars. 
\\\ 
\ 
Altogether Emma 's fireworks made 
How many of them made 3 stars? 
Find two different answers. 
19 stars. 
What if Emma's fireworks made 25 stars? 
Find two different answers. 
Roly poly 
The dots on opposite faces of a dice add up to 7. 
1. Imagine rolling one dice. 
The score is the total number 
of dots you can see. 
You score 17. 
Which number is face down? 
How did you work out your answer? 
2. Imagine rolling two dice. 
The dice do not touch each other. 
"ý 
"ý 
"" 
"v"ý 
" 
"ý 
"ý 
" 
"ý. 0 
0ý 
" 
" 
The score is the total number of dots you can see. 
Which numbers are face down to score 30? 
Spaceship 
Some Tripods and Bipods flew from planet Zeno. 
There were at least two of each of therm. 
Tripods have 3 legs. 
Bipods have 2 legs. 
There were 23 legs altogether. 
How many Tripods were there? 
How many Bipods? 
Find two different answers. 
Ski Ii ft t 
On a ski lift the chairs are equally spaced. 
They are numbered in order from 1. 
Kelly went skim. 
She got in chair 10 to go to the top of the slopes. 
Exactly half way to the top, she passed chair 100 
On its way down. 
How many chairs are there 
On the ski lift? 
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Make up more problems like this. 
Queen Esmerelda's coins 
Queen Esmerelda had 20 gold coins. 
She put them in four piles. ---ý 
Iý 
Ita fIJ a1 
OPP 
at t, .. 
Ia 
n 
10 The first pile had four more coins than the second. 
The second had one less coin than the third. 
The fourth pile had twice as many coins as the second. 
How many gold coins did Esmerelda put in each pile? 
Duck Ponds 
Use 14 ducks each time. 
I 
q ý1 
1. There are four ponds. Make each pond hold two 
ducks or five ducks. 
2. There are three ponds. Make each pond hold twice 
as many ducks as the one before. 
3. There are four ponds. Make each pond hold one less 
duck than the one before. 
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Three monkeys 
ea '0 "" 
Three monkeys ate a total of 25 nuts. 
Each of them ate a different odd number of nuts. 
How many nuts did each of the monkeys eat? 
Find as many different ways to do it as you can. 
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The questions in this booklet are intended to help us understand how we can 
improve the design of maths questions so that we can make questions easier to 
understand. You will have two, 40 minute sessions to answer all the questions. 
Later you will be asked to comment on the questions. 
You must treat these questions as if you were in a maths test. 
There are nine questions to answer, with only one question per page. 
There is plenty of space or_ each nage for you to do your working out and 
write your answer. 
If there is a question you are stuck on, move onto another question and come 
back to that one later. 
You must work on your own. If there is a word you have trouble reading you 
may ask your teacher for help. 
Some of the questions you may have seen before in your maths work. They 
may have been altered so do read the questions carefully. 
Snakes and ladders 
Your counter is on 9. 
You roll a1 to 6 dice. 
After two moves you land on 16. 
Find all the different ways you can do it. 
Now think of other questions you could ask. 
Gold Bars 
Pete is a pirate. /-T-% 
His gold bars are in piles. 
He can move one or more bars at a time. 
He made all the piles the same height. 
He made just two moves. 
How did he do it? 
7 
r 
Fireworks 
Emma had some fireworks. 
Some made 3 stars. 
Some made 4 stars. 
Altogether Emmas fireworks made 19 stars. 
How many of them made 3 stars? 
Find two different answers. 
What if Emma's fireworks made 25 stars? 
Find two different answers. 
Roly poly 
The dots on opposite faces of a dice add up to 7. 
1. Imagine rolling one dice. 
The score is the total number 
of dots you can see. 
You score 17. 
Which number is face down? 
How did you work out your answer? 
2. Imagine rolling two dice. 
The dice do not touch each other. 
"" 
" 
"I 
" 
" 
0 
" 
" 
The score is the total number of dots you can see. 
Which numbers are face down to score 30? 
I Spaceship 
\ý 
J/ 
l4 
Some Tripods and Bipods flew from planet Zeno. 
There were at least two of each of there. 
Tripods have 3 legs. 
Bipods have 2 legs. << )I 
There were 23 legs altogether. 
How many Tripods were there? " 
How many Bipods? 
Find two different answers. 
.p 
1 
ýi ;' i 
Ski lift 
On a ski lift the chairs are equally spaced. 
They are numbered in order from 1. 
Kelly went skiin9. 
She got in chair 10 to go to the top of the slopes. 
Exactly half way to the top, she passed chair 100 
On its way down. 
How many chairs are there 
On the ski lift? 
--ý.,. 
Make up more problems like this. 
Queen Esmerelda's coins 
Queen Esmerelda had 20 gold coins. 
She put them in four piles. 
<: 4; 
jr 
1 4040 ow. dp- 
«rr " 
off. 
The first pile had four more coins than the second. 
% The second had one less coin than the third. 
The fourth pile had twice as many coins as the second. 
How many gold coins did Esmerelda put in each pile? 
__Mj 
IDuck Ponds 
Use 14 ducks each time. k :: ý 
#I 
ý ýý >> 
ýý ý 
1. Make each pond hold two ducks or five ducks. 
(D(:::: )C)(: D 
2. Make each pond hold twice as many ducks as the 
one before. 
000 
3. Make each pond hold one less duck than the one 
before. 
0000 
Three monkeys 
"- ." 
Three monkeys ate a total of 25 nuts. 
Each of them ate a different odd number of nuts. 
How many nuts did each of the monkeys eat? 
Find as many different ways to do it as you can. 
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The questions in this booklet are intended to help us understand how we can 
improve the design of maths questions so that we can make questions easier to 
understand. You will have two, 40 minute sessions to answer all the questions. 
Later you will be asked to comment on the questions. 
You must treat these questions as if you were in a maths test. 
There are nine questions to answer, with only one question per page. 
There is plenty or space on each page for you to do your working out and 
write your answer. 
If there is a question you are stuck on, move onto another question and come 
back to that one later. 
You must work on your own. If there is a word you have trouble reading you 
may ask your teacher for help. - 
Some of the questions you may have seen before in your maths work. They 
may have been altered so do read the questions carefully. 
k-. Iass 
Snakes and ladders 
Your counter is on 9. 
You roll ai to 6 dice. 
After two moves you land on 16. 
Find all the different ways you can do it. 
Now think of other questions you could ask. 
Gold Bars 
Pete is a pirate. 
His gold bars are in four piles. 
In the first pile he has 6 bars. 
In the second pile he has 3 bars. 
In the third pile he has 2 bars. 
In the fourth pile he has 5 bars. 
He can move 
one or more 
bars at a time. 
He made all the 
piles the sonne height. 
He made just two moves. 
How did he do it? e- o 49e 
Fireworks 
Emma had some fireworks. 
Some made 3 stars. 
Some made 4 stars. 
Altogether Emma's fireworks made 19 stars. 
How many of them made 3 stars? 
Find two different answers. 
-4 
What if Emma's fireworks made 25 stars? q Find two different answers. 
Poly poly 
The dots on opposite faces of a dice add up to 7. 
1. Imagine rolling one dice. 
The score is the total number 
of dots you can see. 
You score 17. 
Which number is face down? 
How did you work out your answer? 
2. Imagine rolling two dice. 
The dice do not touch each other. 
i `J " 
o"" " 
"i 
i" 
0 
" 
" 
The score is the total number of dots you can see. 
Which numbers are face down to score 30? 
Spaceship 
Some Tripods and Bipods flew from planet Zeno. 
There were at least two of each of them. 
There were 23 legs altogether. 
How many Tripods were there? 
How many Bipods? 
Find two different answers. 
a 
)I 
Ski lift t 
On a ski lift the chairs are equally spaced. 
They are numbered in order from 1. 
Kelly went skiing. 
She got in chair 10 to go to the top of the slopes. 
Exactly half way to the top, she passed chair 100 
On its way down. 
How many chairs are there 
On the ski lift? 
. 0% Yº 
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im 
Make up more problems like this. 
Queen Esmerelda's coins 
Queen Esmerelda had 20 gold coins. 
She put them in four piles. 
The first pile had four more coins 
than the second. 
The second had one less coin than 
the third. 
The fourth pile had twice as many 
coins as the second. 
How many gold coins did Esmerelda 
put in each pile? 
buck Ponds 
Use 14 ducks each time. 
®s % 
1. There are four ponds. Make each pond hold two 
ducks or five ducks. 
2. There are three ponds. Make each pond hold twice 
as many ducks as the one before. 
3. There are four ponds. Make each pond hold one less 
duck than the one before. 
Three monkeys 
dto . '0 ." 
Three monkeys ate a total of 25 nuts. 
Each of them ate a different odd number of nuts. 
How many nuts did each of the monkeys eat? 
Find as many different ways to do it as you can. 
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The questions in this booklet are intended to help us understand how we can 
improve the design of maths questions so that we can make questions easier to 
understand. You will have two, 40 minute sessions to answer all the questions. 
Later you will be asked to comment on the questions. 
You must treat these questions as if you were in a maths test. 
There are nine questions to answer, with only one question oer gage. 
T here is plenty of space on each page for you to do your working out and 
write your answer. 
If there is a question you are stuck on, move onto another question and come 
back to that one later. 
You must work on your own. If there is a word you have trouble reading you 
may ask your teacher for help. 
Some of the questions you may have seen before in your maths work. They 
may have been altered so do read the questions carefully. 
Snakes and ladders 
Your counter is on 9. 
You roll a1 to 6 dice. 
After two moves you land on 16. 
Find all the different ways you can do it. 
Now think of other questions you could ask. 
Go Id Bars 
Pefie is a pirate. 
His gold bars are in four piles. 
In the first pile he has 6 bars. 
In the second pile he has 3 bars. 
In the third pile he has 2 bars. 
In the fourth pile he has 5 bars. 
He can move one or more bars at a time. 
He made all the piles the some height. 
He made just two moves. 
How did he do it? 
Fireworks 
Emma had some fireworks. 
Some made 3 stars. 
Some made 4 stars 
ý` 
ýý ýýýýý` 
ýý -. 
,.. ý-_. _ " .. 
Altogether Emmo's fireworks made 19 stars. 
How many of them made 3 stars? 
Find two different answers. 
What if Emmas fireworks made 25 stars? 
Find two different answers. 
V'\ 1ý 1j` 
ýýý \ý ýý. 
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Poly poly 
The dots on opposite faces of a dice add up to 7. 
1. Imagine rolling one dice. 
The score is the total number 
of dots you can see. 
You score 17. 
Which number is face down? 
How did you work out your answer? 
2. Imagine rolling two dice. 
The dice do not touch each other. 
" 
" 
iý 
" 
The score is the total number of dots you can see. 
Which numbers are face down to score 30? 
Spaceship 
tit 
Some Tripods and Bipods flew from planet Zeno. 
There were at least two of each of them. 
Tripods have 3 legs. 
Bipods have 2 legs. 
There were 23 legs altogether. 
How many Tripods were there? 
How many Bipods? 
0 
Ski lift 
On a ski lift the chairs are equally spaced. 
They are numbered in order from 1. 
Kelly went skiing. 
She got in chair 10 to go to the top of the slopes. 
Exactly half way to the top, she passed chair 100 
On its way down. 
How many chairs are there 
On the ski lift? 
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Make up more problems like this. 
Queen Esmerelda's coins 
Queen Esmerelda had 20 gold coins. 
She put them in four piles. 
" The first pile had four more coins than the second. 
" The second had one less coin than the third. 
The fourth pile had twice as many coins as the second. 
How many gold coins did Esmereldo put in each pile? 
Duck Ponds 
Use this number of ducks each time. 
0000 2. Make each pond hold twice as many ducks as the 
one before. 
000 3. Make each pond hold one less duck than the one 
before. 
0000 
1. Make each pond hold two ducks or five ducks. 
Three monkeys 
. 
Three monkeys ate a total of 25 nuts. 
Each of them ate a different odd number of nuts. 
How many nuts did each of the monkeys eat? 
Find as many different ways to do it as you can. 
I Appendix 2 
This is the final and important part of your task. Now you have answered the maths 
questions in your booklet, I need you to think carefully about each one when you 
answer these questions. Do not worry about your spelling but do try to write neatly. 
Which questions would you prefer to work with and why? 
Imagine someone who found maths really hard, which question do you think would be the 
easiest for them and why? 
What did you like or find useful about the pictures? 
Thank you and well done 
Text cut off in original 
Gold Bars 
d Bars 
Is a pirate. 
gold bars are in four piles. 
``O; 
the first pile he has 6 bars. 
the second pile he has 3 bars. 
the third pile he has 2 bars. 
F fourth pile he has 5 bars. 
can move one or mom bars at a tim 
6.01 i ýsýs`ýý ; ýý ý ýý 
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e all the piles the some height. rJ/ 
c just-two eaaoves. 42: 4 
didhedoit? ýº ý'' " 
II 
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Sete is a pirate. 
-fis gold bars are in four piles. 
[n the first pile he has 6 bars. 
[n the second pile he has 3 bars. 
[n the third pile he has 2 bars. 
En the fourth pile he has 5 bars. 
! fie can move one or more bars at a time. 
He made all the piles the seer 
He made just two moves. 
How did he do it? 
Pete is a pirate. 
His gold bars are in four piles. 
In the first pile he has 6 bars. 
In the second pile he has 3 bars. 
In the third pile he has 2 bars. 
In the fourth pile he has 5 bars. 
Gold Bars 
Bars 
sa pirate. 
d bars are in four piles. 
first pile he has 6 bars. 
second pile he has 3 bars. 
third pile he has 2 bars. 
fourth pile he has 5 bars. 
drove 
"one 13-11- 0ý-týA o time. 
all the 
e same hei ht. 
rr 
rr j just two moves. 
he do It? 
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_t 
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fý 
He can move s or is ^e bc's a': a 
He made all the piles the some height. 
He made just two moves. 
How did he do it? 
Appendix 3 
i Gold Bars 
Pete is a pirate. T-1 
His good bars are in piles. 
He can move one or more bars at a time. 
11r 
ý1ý 
He evade all the piles the some height. di-? 
He made Just two moves. 
How did he do it? Q 
'ireworks 
mma had some fireworks. 
. ach of the two types made different nunºbers of stars. 
1149- 
4%c v\ 
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ý" 
Altogether Emmas fireworks made 19 stars. 
How many of them made 3 stars? 
Find two different answers. 
reworks 
had some fireworks. 
made 3 stars 
ýtllý made 4 stars. 
ýý ýý 
ý ý' 
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e; f 
\\ ` 
ogether Enwnai s fireworks made 19 stars. 
many of them Made 3 stars? 
1ad two different ansc sas. 
t if Emmds fireworks made 25 stars? 
two different answers. 
Fireworks 
Emma had some fireworks. 
Some made 3 stars. 
Some made 4 stars. 
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Altogether Einnma's fireworks made 19 stars. 
Now many of them made 3 stars? 
Find two different answers. 
What if Em ma's fireworks made 25 stars? tU Find two different answers. 
Fireworks 
Emma had some fireworks. 
Some mode 3 stars. 
Some made 4 stars. 
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Altogether Em m's fireworks made 19 stars. 
How many of them made 3 stars? 
Find two different answers. 
What if Emmas fireworks made 25 stern? 
Find two different answers. 
I ý~ 
Fireworks 
Altogether E ma's fireworks made 19 stars. 
How Many of them made 3 stars? 
Find two different answers. 
Emma had some firescr"cs. 
Some made 3 stars. 
Some made 4 stars. 
What if Emin s fireworks made 25 stars? 
Find two different answers. 
/hot if Emmas fireworks made 25 stcrs? 
ind two different answers. 
Spaceship 
I. t-57- 
Some Tripods and Bipods flew from planet Zeno. 
There were at least two of each of them. 
Il 
Tripods have 3 legs. 
Bipods have 2 legs. 
There were 23 legs altogether. 
How many Tripods were there? 
Now many Bipods? (( " 
Find two different answers. 
tl% 
Spaceship 
Plý 
Some Tripods and Bipods flew from planet Zeno. 
There were at least two of each of them. 
Tripods have 3 legs. 
Bipods have 2 legs. 
There giere 23 legs mCtrc2etfiae! *- 
How many Tripods were there? 
How many Bipods? 
Spaceship 
Some Tripods and Bipods flew from planet Zeno. 
There were at least two of each of them. 
Tripods have 3 legs. 
Bipods have 2 legs. 
There were 23 legs altogether. 
Now many Tripods were there? 
How many Bipeds? 
Find two different answers. 
Spaceship 
Some Tripods and Bipods flew from planet Zeno. 
There were at least two of each of them. 
There were 23 legs altogether. 
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How many Tripods were there? 
How ina" Sipods? 
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Find two different answers. 
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Spaceship 
Some Tripods and Bipods flew from planet Zeno. 
There were at least two of each of them. 
Tripods have 3 legs. 
2ipocs have 2 legs. 
There were 23 legs altogether. 
How marry Tripods were there? 
How many B pods? 
Find two different answers. 
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Peen Esmerekdai s coins 
ween Esmerelda had 20 gold coins. 
ý put them in four piles. 
ývs 
Queen Esmerelda had some gold coins. 
She put them in four piles. 
The first pile had four more coins than the second. 
The second had one less coin then the third. 
The fourth pile had twice as moray coins as the second. 
r many gold colds did Gsmemida pia: in each pile? 
® The first pile had four more coins than the second. 
® The second had one less coin than the third. 
® The fourth pile had twice as many coins as the second. 
How many gold coins did Esmerelda put in each pile? 
Queen Esmereddci s coins 
Queen E mar&d had 20 gold coins. 
She put them in four piles. 
" The first pile had fur more coins 
than the second. 
" The second had one less coin the 
The third. 
® The fourth pile had twice os many 
coins as the second. 
Now many gold coins did Esmeredda 
put in each pile? 
Esmereido's coins 
-eº EsmereOd had 20 gold coins. 
put them in four piles. 
I 
Queen Esmerelda's coins 
Queen Eseueerelda lead 20 god coins. 
56we put them in four piles. 
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he first pile had four more coins than the second. The first pile had four Hire coins than the second. he second had one less coin than the third. " The second had one less coin than the third. he fourth pile had twice as many coins as the second. m fourth pile had twice as many coins as the second. 
%hany gold coins did Esmerelda put in each pile? 
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How many go! d coins did Esmerelda out in each &k7 
ck Ponds 
Ise this number of ducks each time. 
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1. Make each pond hold two ducks or fiere ducks. 
oa C'-) CD 2. Make each pond hold twice as many ducks as the 
one before. 
000 S. Make each pmd hold one less duck teen the one 
before. 
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Ponds 
iP; e 14 ducks each time. 
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1. Malice each posed hold Iwo ducks or five ducks. 
(DC)CDCD 
2, ! Make each pond hold twice as nm" ducks as the 
oeae before. 
000 ý3. M&cß each pond hold one less duck then the one 
before. 
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Use 14 ducks each time. 
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1. There are four ponds. Make each pond hold two 
ducks or five ducks. 
2. There are three ponds. Make each pond hold twice 
as many ducks as the one before. 
3. There are four ponds. Make each pond hold one less 
duck than the one before. 
V buck Ponds 
Use 14 ducks each time. 
1. There are four ponds. Make each pond hold two 
ducks or five ducks. 
2. There are three ponds. Make each pond hold twice 
as many ducks as the one before. 
3. There are four ponds. Make each pond hold one less 
duck than the one before. 
Duck Ponds 
1. There are four ponds. Make euch pond hdd two 
ducks or five ducks. 
2. There are three ponds. Make each pond hold twice 
as many ducks as the one before. 
3. There ore four ponds. Make each pond hold one less 
duck than the oje before. 
9 Use 14 ducks each time. 
Maths Question Sunieu Name 
You will be shown five different versions of the same question. You will. need 
to select which version you think would be the easiest. You will. also need to 
write down your reasons why you chose that version. 
Gold Burs venýon 
Fire W©rs Ve ssc 
Spaceship Version 
Queen Esmere cs Cams Version 
De Panes V is a 
Year 3 Maths Textbook Survey 
Please tick which textbook you would consider to be the main 
textbook you would use for number work (addition, subtraction, 
division, multiplication) in your classroom. 
Appendix 4 
Abacus Cambridge Maths 
Sinn Letts 
New Heinemann SPMG 
Other (please specify) 
During a week whose focus is number, how frequently would you say 
the textbook is used by someone in your class? 
Daily 
Twice during the week 
Not at all 
Three or four times in the week 
Once during the week 
What is it about the text book that encourages you to use it? (Tick 
as many as you like) 
Well illustrated 
Attractive looking 
Differentiated work 
Matches teaching objectives 
Children can work independently 
Teacher time saving 
Other (please specify) 
Thank you for taking time to complete and return this questionnaire. 
It is greatly appreciated. 
Appendix 5 
". a- ..,. . esthetic 
The VARK Questionnaire - fcf Younger People 
Debra Jones, Coordinator of the University of California Gateways Project, wanted to develop a VARK questionnaire for 
high school students which has now been done. Sponsored by the University of California, Office of the President. The 
Gateways Project is an outreach project designed to reach "under-served students and assure their successful articulation to 
higher learning". This version of VARK is therefore modified for High School students. Debra anticipates using an online 
version of VARK with 30,000 students and the version is likely to be modified after these trials. Acknowledgment of this 
draft version should be made to Debra Jones, Cabrillo College, Aptos, California 95003 (831-479-5071), Charles C. 
Bonwell and Neil Fleming. 
Hoye Do I Learn Best? 
This questionnaire aims to find out something about your preferences for the way you work with information. 
You will have a preferred learning style and one part of that learning style is your preference for the intake and 
output of ideas and information. 
" Choose the answer which best explains your preference and circle the letter next to the answer. 
" Please select more than one response if a single answer does not match your perception. 
" Leave blank any question that does not apply, but try to answer at least 10 of the 13 questions. 
1. When you have a few minutes with nothing better to do would you be more likely to: 
a. stare into space or doodle. 
b. talk to yourself or to others. 
c. pick something up to read. 
d. do something practical, like fix something or straighten up your room. 
2. You are not sure whether a word should be spelled 'dependent or 'dependant'. Do you:? 
a. look it up in the dictionary. 
b. see the word in your mind and choose by the way it looks 
c. sound it out in your mind. 
d. write both versions down on paper and choose one. 
3. You want to plan a surprise party for your best friend's birthday. Do you:? 
a. talk about it on the phone with your other friends. 
b. make lists of what to do and what to buy. 
c. picture the parry activities in your mind. 
d. invite friends and let it develop. 
4. You are going to make or build something special for your family. Do you:? 
a. make something without the need for instructions. 
b. thumb through some books and magazincs looking for ideas. 
c. refer to a specific handbook where there are good instructions. 
d. talk it over with some friends 
5. You are really pleased with your acceptance for a summer program. This is also of interest to two 
friends. Do you:? 
a. take them to see the program in action. 
b. show them the brochure and information you've found about it 
c. start practising the activities you'll be doing in the program. 
d. describe to your friends the activities you'll be doing each day of the program. 
6. You are about to buy a new CD player. Other than price, what would most influence your decision? 
a. the salesperson telling you about it 
b. reading the details about it. 
" c. playing with the controls and listening to'it. 
d. it looks really nice and it is something you could picture in your room. 
7. Recall a time in your life when you learned how to play a new board game or computer game. How did you learn best? By: 
a. watching others do it first 
b. reading instructions. 
c. listening to somebody explaining it. 
d. doing it or trying it for yourself. 
8. After reading a play you need to do a project on it for your English class. Would you prefer to:? 
a. read a speech from the play in front of the class. 
". b. draw a poster showing something that happened in the play. 
c. act out a scene from the play. 
d. write your own review on the play 
9. You are about to try to hook up your parent's new computer. Would you first:? 
a. unpack the box and start trying to put the pieces together. 
b. read the manual that comes with the computer. 
c. telephonc a friend and ask questions about it. 
d. look at the pictures in the manual and on the box 
10. You need to give directions to two friends to go to a house nearby. Do you: 
a. draw a map on a piece of paper. 
b. tell them the directions. 
c. write down the directions on a piece of paper. 
d. walk them over there yourself. 
11. You have a problem with your knee and it hurts when you play your favourite sport. Would you 
prefer that the doctor: 
a. describe to you what is wrong. 
b. give you an article or brochure that explains the common problems with knees. 
c. show you a diagram of what is wrong. 
d. demonstrate with a model what is wrong. 
12. A new movie has arrived in town. What would most influence your decision to go (or not go)? 
a. you hear friends talking about it 
b. you read what others say about it in a magazine. 
c. you see a preview of it. 
d. it is similar to others you have liked. 
13.. Do you prefer a teacher who likes to use:? 
a. a textbook and handouts. 
b. diagrams, charts, pictures and. slides. 
c. field trips, labs and hands-on sessions. 
d Class discussions and guest speakers. 
Appendix 5 
Name: 
Question a category b category c category d category ý-d 
3AK 
Scoring Chart 
Question a category b cate o c category d category 
1 V A R K 
2 R V A K 
3 A R V K 
4 K V R A 
5 V R A K 
6 A R K V 
7 V R A K 
8 A V K R 
9 K R A V 
10 V A R K 
11 A R V K 
12 A R V K 
13 R V K A 
Total number of V's circled 
Total number of A's circled 
Total number of R's circled 
Total number of K's circled 
Total: 
stepping 
distance 
ý`1 
ýýý 
Letter in circle 
Number below circle 
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,I 
